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PREFACE.

HAVING discovered that the Region formerly inhabited by the Silures,

celebrated in our annals for the defence of the great Caractacus, contained

a vast and regular succession of undescribed deposits of a remote age, I

have named them the " Silurian System 1 ".

\

The Introductory Chapter details the state of the subject when this in-

quiry commenced, the origin and progress of the work, and the objects to

be attained by its completion.

The first part, embracing descriptive geology, concludes with a review

of the most striking phenomena of the ancient epochs which I seek to

illustrate ; the second describes the fossil animals which are imbedded in

the strata. The map, coloured sections, and numerous wood-cuts, mark

1 See a notice of the ancient topography of the Silurian Region, p. xxxi.
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the subdivisions of the surface and the structure of the sub-soil ; while

the fossil animals are figured in separate plates.

Finally, lest some of my readers should imagine, that he whose proper

study is the frame-work of the earth, is indifferent to the beauties of its

outline, I beg to offer a few pictorial sketches of this fine region, alike eulo-

gized by the poet for its fertility and the valour of its people—and which

the wayfaring geologist can truly say is a land of real kindness and hospi-

tality :

" Where from Silurian vats high sparkling wines

Foam in transparent floods." —

—

ee In ancient days

The Roman legions and great Caesar found,

Our fathers no mean foes^ and Cressy plains

And Agincourt, deep tinged with blood, confess

What the Silures* vigour unwithstood

Could do in rigid fight

"

London, November 29, 1838,
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gus, PI. 19. f. 9 and 10.

Page 218, line 12, for Avicula orbicularis, PI. 15. f. 2., read Avi-

cula orbicularis, PI. 20. f. 2 and 3.
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Page 219, line 10, for Tentaculites annulatus, PL 19. f. 15., read
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"

Page 303 note, line 5, for Trinucleus Caractacus, read Trinuclens

Caractaci.

Page 327, line 20, for The same at Llandrindod, read The same
occurs at Llandrindod.

Page 340, line 32, for Serpuloides longissima, read Serpulites

longissimus.

Page 350 note, for is in the equivalent, read is the equivalent.

Page 363, line 6, for PL 30., read PL 27.

Page 366, line 13, after " mines " insert (PL 34. f. 4.)

Page 370, line 4, for the present chapter, read the present and

following chapter.

Page 398, line 36,/or Castle Rock, read Roche Castle.

Page 473 note, for Mr. W. Barker, read Mr. J. Barker.

Page 493, line 1 7,/or Clent and Abberley Hills, read Clent Hills.

Page 501, line 14,/or old clay works, read old day works.

Page 504, line 13, for inclined from 80° to 90°, read inclined
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Page 510, line 14,/or travestine, read travertine.

Page 522 (heading),for Detritus of Silurian Recapitulation, read

Detritus of Siluria.—Recapitulation.

Page 582, line 3, for Serpuloides longissimum, read Serpulites
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Page 583 note, line 21, for Homanolotus Herschelii, read Ho-
malonotus Herschelii.

Page 616, line 1, for vetustis, read vetustatis.

Page 619 et seq.,for Bar Beacon, read Barr Beacon.

Page 627, line 23, for Bellerophon apertus, read Bellerophon

Wenlockensis.

Page 637, line 34, for Damory Hill, read Damory Mill.

Page 639, line 17, for Corton, Clunbury, read Corton, near

Clunbury.

Page 643, line \ ,Lituites? Cornu-arietis (a), ought to have been

described as a fossil of the Wenlock Shale.

N.B. Although the words " Caradoc Sandstone " are prefixed to

' PL 21, and " Llandeilo Flags" to PL 22, the first of these plates

contains forms (f. 1 and 2) which occur in the " Llandeilo Flags,"

while there are shells in the second (f. 2 a
, 2 b

, 11, and 12) which

are referrible to the " Caradoc Sandstone." See Tabular List and

Description.
>
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DESCRIPTION OF THE MAP.

The accompanying Map is intended to convey a clear general idea of the geological divisions of

the surface of the tract illustrated, the details being explained by numerous coloured sections.

It is a reduction of the Ordnance Survey, and therefore exhibits accurately the drainage and the

relative positions of the towns and villages : the form of the hills is not delineated, but as many of

the heights are marked by figures, and the names of the ridges are inserted in the line of their di-

rection, it is hoped that the general features of the country will be understood.

In the selection of colours, I have represented each great system of strata under one common

tone, and its sub -formations by modified tints of the same colour. The calcareous rocks of all

ages appear under shades of blue or green; the formations to which they are subordinate being

known by the colour which surrounds them. The rocks of igneous origin are all represented by

bright red, a method which I have employed for some years 1
, from having thought that masses, the

varieties of which pass imperceptibly into each other, ought at once to strike upon the eye as

being derived from the same source. But after all, as colours are fugitive, and details of high

interest are often crowded together into small spaces, I have inserted letters at intervals (par-

ticularly on the sectional lines), the meaning of which is at once explained by reference to the

table of superposition.

In addition to the tabular arrangement, usually employed by other authors, I have placed below

the map on the right hand, a general transverse section, in which the sedimentary formations

and their subdivisions are represented in the order in which they naturally overlie each other,

where no volcanic rocks are present ; whilst on the left, an ideal section is given of the submarine

condition of these sediments before their elevation from beneath the sea, to mark the periods when

volcanic action was most in play, either when giving rise to fine detritus of scoriae and ashes, accu-

mulated in alternating layers with sand and mud ; or during the emission of those intrusive rocks,

which, whether syenites, greenstones, porphyries or basalts, are all the products of fire. Many of

these volcanic rocks being inseparably connected, even within small areas, and in the same ridges,

their lithological distinctions can only be understood by consulting the explanations in the text ; but

the epochs at which they are supposed to have been erupted, are signified by different letters,—their

relations to the sedimentary deposits being rendered more intelligible by reference to the plates of

coloured sections (see Plates 29—37).

A small map of England and Wales has been engraved in the corner of the large map, for the

double purpose of pointing out the geographical site of the Silurian Region, and of subdividing the

kingdom geologically into eight sedimentary groups, each of which I conceive (in British classifi-

1 In the Map of the Eastern Alps, Geol. Trans., vol. iii. PL 35., and in the coloured Ordnance Maps of

the Silurian Region exhibited at various meetings of the British Association, and at the Geological Society

from 1832 to 1837. I am glad to perceive that Mr. Griffiths has adopted this method in the new Geological

Map of Ireland.

d 2
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cation), to be entitled to be called " Systems/' from their dimensions, lithological characters, and
zoological contents,

In comparing, however, the rocks of our own land with those of foreign countries, it is not con-
tended that each of these systems has a general or even an European range. The Old Red Sand-
stone, for example, so vast an accumulation in the British Isles, is scarcely apparent throughout a

large part of the continent, while the deposits which I have termed the "New Red System," though
thus arranged in England, may not satisfy some geologists of the French or German schools. The
latter may contend that in their country, the " Keuper," " Muschelkalk " and " Bunter Sandstein,"

form a natural group (the Trias), which is separable from the underlying " Zechstein " and " Rothe-
todte-liegende " by valid distinctions. In the region, however, which I describe, such distinctions

do not exist. On the contrary, all the strata between the Lias and the coal measures are com-
posed of red and green marls and sandstones, with conglomerates, both siliceous and calcareous,

the lower members of which pass gradually downwards into the Carboniferous System. This

subject is fully explained in the work ; and I merely now allude to it, in order to show that in these

tracts the natural order of this part of the series consists in the Carboniferous System being over-

laid by one red system and underlaid by another. In regard to the subdivisions of the overlying

red system, some foreign geologists are, I believe, of opinion that the fossils of the " Zechstein " and
" Rothe-todte-liegende " agree better with those of the carboniferous epoch than with those of the

overlying red sandstone, but this point is, I am led to believe, far from being satisfactorily adjusted

;

for although there may be a species or two of Mollusk common to the Magnesian Limestone and the

Mountain or coal Limestone, the great mass of the fossils of the two formations are distinct. That
the fishes are distinct has been clearly proved by M. Agassiz, while no researches have yet brought

to light a Saurian in the coal measures, though several species of this class occur in the Magnesian
Limestone. This last-mentioned zoological distinction is so strong that it seems to me to outweigh

in value any conclusions drawn from the Mollusca. Again, if an identity between one or two species

of Mollusca is to be made the groundwork for grouping together the Magnesian and Mountain Lime-

stone, we may for the same reason connect the Magnesian Limestone with the overlying group (the

Trias of the Germans), because the lily encrinite of the Muschelkalk, and, if I mistake not, a cham-

bered shell of that rock have been discovered in the Magnesian Limestone.

As, however, the Silurian region exhibits passages from every formation into the overlying and

underlying strata, so must of necessity the lines of demarcation be more or less arbitrarily drawn
;

and all that I seek to prove is, that the classification now put forth is best suited to this part of

England, however little it may be adapted to other countries. In short, whatever may be the

arrangement on the continent, British geologists have reason to claim for themselves the privilege

of defining the upper and lower limits of the great Carboniferous System, seeing that it is more

copious in our country than in any other part of Europe.

But to return to my own map. An effort has been made to separate the New Red Sandstone into

three distinct bands. For the first time in English geology, the " Keuper Sandstone " is shown to

lie in the upper red or saliferous marl 1
, whilst beneath it is the ordinary New Red Sandstone which

overlies the "Lower New Red Sandstone," the two last-mentioned deposits being usually separated

by a calcareous conglomerate representing the Magnesian Limestone.2

1 A memoir on the Keuper Sandstone of Worcestershire and Warwickshire by Mr. H. E. Strickland and

myself is in the press, and will shortly appear in the Transactions of the Geological Society.

* In the map I have made use of three tints of light reddish colour to distinguish, 1st, the PvedMarl and its
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Of the demarcations of the Old Red and Silurian Systems, it is unnecessary that I should now

speak, as they are so fully treated of in the work
;
yet as these parts of the map are more especially

illustrated by myself, I crave the indulgence of those who may follow me
;
begging them to consider,

not merely how little the region had been previously explored, but also how much aid the geologist

is deprived of in a tract where there are few mines or underground operations 1
. Still I venture to

hope that this map may serve as an auxiliary to the illustration of the Ordnance Maps which is

proceeding under the direction of M. De la Beche, and I trust that my labours will aid him in

laying down the outlines of the various groups of rock in this region
;
though there can be no doubt

that the details may be much improved by the discoveries of himself and his assistants.

It now remains for me to express my thanks to those friends who have aided me. Professor

Sedsrwick determined the outline between the Silurian and Cambrian Rocks, from the Berwyn moun-

tain northwards. (See Map.) Mr. Lonsdale defined the course of the oolite and lias of the Cottes-

wold Hills. Mr. H. E. Strickland traced the boundary between the lias and red marl, as well as

the line of the Keuper Sandstone throughout a large part of Worcestershire. The Rev. T. Egerton

assisted me in laying down the boundary of the lias of North Salop. Mr. F. Downing enabled me

to trace the boundary of the 10 yard coal-field of Dudley; Mr. Prestwich's map of the coal-field

of Coal Brook Dale has been highly serviceable, as well as that of the coal-basin of the forest of

Dean and adjacent country, by Mr. Maclauchlan ; Sir Philip de Grey Egerton indicated the boun-

dary of a small coal tract in North Staffordshire, and Mr. Bowman determined the outline of the

Denbighshire coal-field. In the other coal-fields I have chiefly depended upon my own observa-

tions. I must further state, that after my map was engraved, an important improvement in the

outline of the Carboniferous Limestone on the western flank of the south Welch coal-basin was

kindly inserted by Mr. W. E. Logan, (see the transverse faults east of Llandovery and Llandeilo,)

who with great perseverance and ability had, unknown to me, laid down upon the Ordnance Map

many details and remarkable dislocations of the Glamorganshire basin, the northern, eastern,

and western boundaries of which are all that I allude to 2
.

I have to thank Colonel Colby, Lieut.-Colonel Mudge, and Major Robe employed on the Tri-

gonometrical Survey, for their ready compliance with my wishes, in furnishing me with outlines

of tracts, the sheets of which were not published when I commenced my researches, and I am

also much obliged to Mr. Maclauchlan and Mr. Budgen, Ordnance Surveyors ; to the former for

much geological, the latter for some local valuable topographical data. The reduction, engraving

Sandstone or the Keuper ;
2nd, the Red Sandstone or Bunter Sandstein ; and, 3rd, the Lower New Red or

Rothe-todte-liegende, and wherever the two last-mentioned formations are known to be separated by the cal-

careous conglomerate or equivalent of the Magnesian Limestone, its course is indicated by a green stripe. In

a note, p. 66, printed before I decided upon the extent to which the subdivision of colours could be applied to

the map, it is stated that two tints of red only are employed in illustrating the New Red System.

1 Although no one had pointed out the subdivisions of the older rocks near Ludlow, I am bound to state that

Messrs. R. and W. Wright of the Ordnance Survey, have laid down very correctly the general outline of the

Ludlow promontory in a map presented to the Geological Society.

2 By reference to p. 165, printed a year-and-a-half before I became acquainted with the observations of

Mr. Logan, it will be perceived that I had noticed the great transverse dislocations near the Caermarthen Fans

in my earliest visits to SouthWales 1832-3. I had not, however, laid them down with that precision which

marks the field work of Mr. Logan.
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and writing, as well as the colouring of the map and sections, (after models furnished by myself),

are the work of that able and accurate, practical geographer, Mr. Gardner.

Lastly, I must declare, that to whatever extent my observations may have changed its outlines,

the map of Mr. Greenough is the foundation on which I have worked ; and no circumstance will

more gratify me than his approval of my labours, or to find that any efforts of mine may enable

him to improve the new edition of his valuable map of England and Wales.
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NOTICE OF THE ANCIENT TOPOGRAPHY OF THE SILURIAN

REGION.

We are assured by Tacitus, that the Silures were the most powerful and warlike nation of South Britain,

impatient of domination, and of great valour. Such was their confidence in their Chief Caradoc (Caractacus),

and so exasperated were they by the vow of the Emperor Claudius to exterminate their race, that they carried

on a stubborn war, not only under their great leader, but long after his capture
; defeating the legion under

Manlius Valens, and wearying out Ostorius, who died exhausted with efforts to subdue them. Veranius at-

tacked them in vain, and they were not finally conquered till the reign of Vespasian, by Julius Frontinus.

We have no precise definition of the geographical limits of the Silurian kingdom, though Cluverius and

Camden state, in general terms, that it embraced the greater part of South Wales, including Herefordshire,

Radnorshire, Brecknockshire, and Monmouthshire : it constituted, therefore, a large portion of the country

described. Judging from the natural features of this region, I venture to believe, that the historian Hume has

not erred in supposing that it extended to the banks of the Severn \ which noble river, in some places, with

the ranges of the Abberley and Malvern Hills in others, are the only natural boundaries, on the north and east

suited to a powerful race who inhabited all the adjacent territory on the west. If Siluria was thus bounded,

the north-western part of Worcestershire and the southern half of Shropshire were also included in it.

Other geographical considerations confirm this supposition ; for as we know that the Teme flowed through the

Silurian territory, the passes and hills around Ludlow must have been within it ; and no one who has ever

placed his foot upon Mocktree Forest, or the Wenlock Edge, will believe that an enterprizing race would re-

main contented with the possession of one end of a chain without a flank defence, while the other offered them

a strong natural boundary in the gorge of the Severn.

Again, it cannot be doubted, that the striking ridge of Caer Caradoc 2
, which ranges through the centre of

South Shropshire, derived its name from some of the numerous exploits of the great British chief, whose name

has been thus preserved for ages, though all the surrounding tract has so long since passed from the Celtic race.

Although, however, this hill bears the name of Caractacus, it is clear that his last great battle was not

fought on it, since Tacitus describes a rapid and deep river (yado incerto), over which the Roman soldiers

forded to storm the opposite heights ; and there is no stream larger than a feeble rivulet near Caer Caradoc.

If the battle was fought on the northern banks of the Teme, as is pretty generally supposed, it may have com-

menced at Holloway Rocks, about two miles below Knighton, where the Ludlow formation presents a stony

and rugged line of escarpment on the left bank of the Teme, which completely recalls the graphic language of

Tacitus, while the river answers well to his " vado incerto," through which the legion passed. This spot agrees

also with the description of the historian, in being contiguous to a British camp called the " Gaer " or " Caer
"

in which Caractacus probably made his great stand, and from whence, when dislodged, he retreated into the

fastnesses on the north and west, Clun Forest, Stow Hill, &c. (See Map, Camden's Britannia,, vol. ii. p, 404,)

Some antiquaries have supposed that the last battle of Caractacus was fought on Coxwall Knoll, near Leint^

wardine, and lower down the Teme, but this appears to me at variance both with the words of Tacitus and the

skill of Caractacus; for this knoll, as the name implies, has no rocky precipitous face (arduis montibus), and

1 History of England, vol. i. p, 1.

2 In speaking of the Cardok, Cradock, Querdock or Caradoc, as it has been variously written by previous authorities,

Dr. Gough, in his Edition of Camden, cites Pennant, who after showing that it could not have been the scite of the last

battle of Caractacus, yet adds, « It is highly probable that it had been a post occupied by and named from Caractacus. I*

has been considered from very remote times a stronghold of his,'
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moreover is so insulated and detached from the hills, that had the battle been fought upon it, the Silures

must have been surrounded by the victorious Romans, and could never have escaped into their mountains.

The wily chief had evidently chosen a better position for his last struggle, and had wisely secured a safe retreat 1
.

In fact, Caractacus, though beaten, not only escaped himself from this hard-fought battle, but his people

carried on the war for a long subsequent period, after their King had been sacrificed through the treachery of

Queen Cartismunda, in whose hospitality he confided.

But however antiquaries may eventually settle the precise demarcation of the geographical limits between

the Silures and their less powerful neighbours the Ordovices, Cornavii and Demetce, geologists have already

honoured me by sanctioning the term "Silurian;" because the rocks which I describe under this name, in and

around the Silurian Region, occupy a definite place in the series, and fill up a wide interval in the chronology

of geological science. (See Introduction, Chap. I.)

i The Rev. C. H. Hartshorne, who is preparing for publication a beautifully-illustrated work on the antiquities of Shrop-

shire, entitled " Salopia Antiqua," particularly in relation to the remains of military stations, informs me, that after per-

sonal examination of the chains of the British camps and fortresses, he has come to the conclusion, that the last battle of

Caractacus was fought upon the Breidden Hills. My chief objections to this opinion are, that the Severn is there too

powerful a stream to be forded by infantry, except in remarkably dry weather, and that the volcanic hills in question are

so insulated (see views, pp. 290, 300), that it would have been difficult for a large number of the discomfited Britons

and their king to have escaped into adjoining fastnesses when attacked by so good a soldiery as that of Rome. I speak,

however, merely as an old soldier, being incompetent to enter into this learned controversy, which I leave to be settled

by an appeal to that eminent scholar and antiquary the Bishop of Litchfield, who is well acquainted with the ground.

In the mean time, I anticipate much instruction from the etymological researches of Mr. Hartshorne ; and I regret, that

not having been aware of them until after the greater portion of my work was printed, I have not been able to profit by

them. He informs me that the name of Stiper Stones (p. 283) has its origin in the Icelandic steypa (fusio metallorum), a

term singularly well applied to the fused and altered rocks of the metalliferous tract. Titterstone he derives from the Ice-

landic, to shake or totter, and he has substantiated the inference by clearing away the surrounding detritus from one of the

columns of basalt on the summit, which he found to be a rocking stone. Wenloclc, anciently Wimnicas (the place of

wind), Latin Venti4ocus, Venti loc, Wenti loc, Wenloclc. The Hoar Edge (pp. 121, 220), is the boundary edge, &c. I

sincerely hope that this zealous antiquary will extend his inquiries from Shropshire southwards throughout the Silurian

Region; for his " Siluria Antiqua " will, to many readers, have greater attractions than my " Siluria Antiquior."
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CHAPTER I.

INTRODUCTION.

Design of the work.—Previous state of geological knowledge.—-Order of the older

fossiliferous strata.—Interval to be filed up, between the secondary deposits

previously described, and the older slaty rocks.— Origin of this inquiry, and

method pursued in following it out.— General view of the oldest fossiliferous

deposits.

The chief design of the present work is, to fill up an interval in geological history,

by describing certain strata, which, although they occupy a considerable thickness in

the crust of the globe, and connect the secondary deposits with the older slaty rocks,

have never yet been adequately examined.

A few words will explain the previous condition of this subject.—When the materials

of the earth's crust first became a subject of study, they were viewed principally with

reference to their mineral characters ; but the attention which was afterwards directed

to the imbedded animals and plants, gradually produced a revolution in the science, and

gave birth to what is now the largest and most important part of Geology. Since

the period when Smith in England, and Cuvier and Brongniart in France, first identi-

fied strata by their fossils, a most rapid progress has been made in the application of

this method of testing the age of rocks.

Sixteen years have now elapsed since Conybeare and Phillips, in their Outlines of the

Geology of England and Wales, presented us with a connected view of the succession of

the sedimentary British deposits, from the most superficial to those which support the

carboniferous system
;
and, in the succeeding years, great and important additions have

been contributed to our acquaintance with the youngest or tertiary deposits particularly

by Mr. Lyell.

But this method has not been so extended as to carry the chronological succession

below the Old Red Sandstone
;
partly, perhaps, from a preconceived opinion, that few

organic remains were likely to be detected in these formations • partly from the belief,

founded on just but inadequate observation, that the many mutations which these older

rocks had undergone, must have nearly obliterated the evidences of their origin, whether

consisting in a clear order of superposition, or in distinctness of zoological contents.

a 2
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Though, undoubtedly, such reasons deterred many from grappling with this inquiry,

it must not be supposed that the ancient strata have not been studied by enlightened

observers. In Great Britain we may cite the names of MacCulloch, Greenough, and

Sedgwick, as those of men prominently distinguished in throwing light upon them :

—

the first by long examination of the Scottish mountains and numerous writings upon

them ; the second by his map of England and Wales • the last by his exposition of the

order of the rocks in the north of England, a portion of which task Professor Phillips

has since followed out, by publishing a monograph of the carboniferous strata. But

these authors had not the peculiar advantages which have fallen to my lot ; for in the

regions which they studied, there is generally an abrupt boundary-line or break between

the older and newer systems. For example, in Scotland there is no sequence of fos-

siliferous strata beneath and connected with the Old Red Sandstone ; neither is there

such a sequence in Cumberland, Westmoreland, nor the adjacent tracts of Yorkshire,

nor even in Devonshire, where some of the oldest masses exist. In fact, a perfect and

unbroken series of links, connecting these older rocks with the younger deposits, does

not occur in any portion of these islands which had been previously examined.

On the continent, where great attention had been bestowed upon the older and

crystalline rocks, from the days of De Saussure and Werner to our own, the same

belief was impressed on the minds of geologists, that the great dislocations to which

these ancient rocks had been subjected, had entirely dissevered them from those

fossiliferous strata with which we were well acquainted. In short, there existed no

foreign work in which rocks of this age were classified according to a law, founded

upon superposition and characteristic organic remains.

But to proceed to facts connected with our own country. No one was aware of

the existence below the Old Red Sandstone, of a regular series of deposits, con-

taining peculiar organic remains. For example, although it was supposed, that the

limestone of Dudley was of greater antiquity than the Old Red Sandstone, no one

had observed that those deposits were connected by an intermediate formation of very

considerable dimensions, full of organic remains. It is this formation, now termed

the "Ludlow Rocks," which seems to have most escaped attention, whilst, from its

position, as will appear in the sequel, it is the key which accurately reveals to us the

relations of the inferior masses to the overlying strata with which we formerly were

acquainted.

Of the few memoirs which had been published in the Geological Transactions, relating

to parts of the region illustrated, the earliest are by Mr. A. Aikin. That accurate ob-

server had formed a project of describing Shropshire in detail; but having long

abandoned his intention, he no sooner heard of the progress I was making in the

present work, than he placed at my disposal his original notes and drawings, illu-

strative of certain tracts around the Wrekin and the Caradoc. In truth, at the early

period when Mr. Aikin undertook the task, it was almost hopeless to attempt to unravel
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the structure of Shropshire ; for that county not only contains every sedimentary

formation from the lias to the slates inclusive, but is also rendered most complex by the

numberless dislocations of the strata, through the agency of volcanic rocks. The only

other modern writers who had touched upon the ancient rocks of this part of England,

were Mr. Leonard Horner in a memoir on the " Mineralogy of the Malvern Hills,

"

Mr. Weaver in one on the " Geology of the Tortworth District," and Mr. J. Yates in a

short paper on " Parts of the central Counties." These essays which are included in the

Geological Transactions, though constituting valuable additions to our knowledge at

the periods of their publication, had reference to limited tracts only, in most of which

anomalous and disrupted relations prevented the adoption of any general view of a

succession of the strata,

In this condition of the subject, I first explored the borders of England and Wales

in 1831. The order of succession seen in the ridges on the left bank of the Wye,

between Hay in Herefordshire and Builth in Brecknockshire, where the Old Red

Sandstone is distinctly underlaid by grey fossiliferous strata, first led me to suspect,

that I had met with a district containing a good part of the evidence required to lead

to a systematic study of our older formations j a surmise which was confirmed by fol-

lowing out these rocks upon their line of bearing to the neighbourhood of Ludlow and

Wenlock, where I found them much expanded. I explained my view of the subject

to the first meeting of the British Association, held at York, and afterwards to the

Geological Society of London. Perceiving, however, that a subject so new and so

large could not be really advanced, except through patient and repeated examination,

I re-explored the same districts, in 1832, and submitted details of the new acquisitions

to the Geological Society ;
accompanying my memoirs with a set of geologically co-

loured maps of the Ordnance Survey.

An effort to classify these deposits was then made ; but it was not until the close of

the summer of 1833, that I was enabled to publish a tolerably correct synopsis or table

of the various formations in the extensive region, over which my observations had

progressively extended. Seven years have since elapsed, during which my attention has

been almost exclusively given to the development of this subject and its collateral

branches.

During the summer in which my first observations were made, Professor Sedgwick

commenced a general inquiry into the structure of North Wales, for which his previous

acquaintance with the slaty and crystalline rocks of Cumberland eminently qualified

him. He first endeavoured to connect the transition rocks of the age of Dudley with

certain calcareous slates pointed out by Mr. Greenough in North Wales ; but finding

no concordance between them, he was, to use his own expression, " driven to a new

base line," in other words, to work upwards from the central axis or oldest rocks of

Wales. As soon as he perceived that I had observed the links which connect the Old

Red Sandstone with some of the inferior masses of his region, he felt the importance of
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pushing the inquiry, and by his encouragement I was materially stimulated to do so.

In speaking of the labours of my friend, I may truly say, that he not only shed an en-
tirely new light on the crystalline arrangement or slaty cleavage of the North Welsh
mountains, but also overcame what to most men would have proved insurmountable
difficulties, in determining the order and relations of these very ancient strata amid
scenes of vast dislocation. He further made several traverses across the region in which
I was employed, and, sanctioning the arrangement I had adopted, he not only gave me
confidence in its accuracy, but enhanced the value of my work by enabling me to unite

it with his own ; and thus have our joint exertions led to a general view of the sequence

of the older fossiliferous deposits.

In the mean time, some kind friends who had watched the progress of my labours,

and thought they might lead to important results, requested me to prepare a separate

treatise; and although I had been at first desirous of confining these views (as in the

case of every memoir I had previously written) to the Transactions of the Geological

Society, my objections were overcome by a very flattering requisition
1

.

In obeying this call, I hope I shall, at all events, promulgate some new facts, and
place before geologists the history of a system of deposits, authenticated by numerous
good evidences in the shape of organic remains, by far the greater part of which have
never been published in any country.

While maturing these views, I became convinced that, as this large and ancient group

contained peculiar organic remains, and was marked by distinctness of physical fea-

tures, lithological structure, and order of superposition, it was well entitled to be

considered a separate system. It was not therefore enough that, in my efforts to deve-

lope them, I had termed these deposits, in their natural descending order, the

"Ludlow," "Wenlock," " Caradoc," and "Llandeilo" formations; without some
collective name, no general view could be carried out, nor their relations to the

whole series of deposits established. For example, the group could not be defined

"Transition Rocks," because nearly every modern author had so extended the

meaning of this term, as to embrace in it all the deposits, from the carboniferous series

inclusive, down to the oldest slaty rocks in which organic remains cease to be percep-

tible ; whereas the object I had specially in view was, to point out the existence of in-

termediate rocks of great thickness, essentially different both in structure and organic re-

mainsfrom the carboniferous strata. In early communications to the Geological Society,

adopting a provisional name, I called these rocks " fossiliferous greywacke " • but this

term was deemed objectionable, there being few beds in the group which can be recog-

nised as the " grauwacke" of German mineralogists—while there are fossiliferous

1 Originating with the Right Honourable Frankland Lewis and his son Mr. George Lewis, this requisition

was soon subscribed by many resident nobility and gentry through the very friendly exertions of Lord Clive.

(See List of Subscribers.)
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rocks having distinctly that mineral character, both above and below those which I

describe.

A geographical term was finally adopted, derived from the Silures, whose power

extended over the region where these rocks are best displayed, and the name of whose

illustrious chief, Caradoc (Caractacus) , has been transmitted to us in a bold range

of hills, composed of one of the most important formations of the system to be de-

scribed. The term was no~ sooner proposed than sanctioned by geologists, both at

home and abroad, as involving no theory, and as simply expressing the fact, that in

the " Silurian region," a complete succession offossiliferous strata is interpolated betiveen

the Old Red Sandstone and the oldest slaty rocks.

M. Elie de Beaumont, for example, warmly encouraged me to use this name, and

with his coadjutor M. Dufrenoy has since materially contributed to give it currency on

the Continent. Soon afterwards M. Boue and M. de Verneuil announced the diffusion

of " Silurian" rocks in Servia and the adjacent parts of Turkey in Europe, while our

countrymen Hamilton and Strickland extended their range to the Thracian Bosphorus.

More recently, M. Forchhammer of Copenhagen has visited the " Silurian region" to

endeavour to recognize in it the rocks of Scandinavia ; and even whilst I write, MM. D'

Omalius D'Halloy and Dumont are exploring it to establish a parallel between its de-

posits and those of Belgium. Lastly, I may state, that M. de Boblaye has honoured

me by offering to translate this work into the French language.

Shortly after I proposed the name " Silurian," one or two European tracts were,

indeed, pointed out as resembling that which I had selected as a type. One of the

most remarkable is on the southern frontier of the Ardennes, where three forma-

tions were recognised by Dr. Buckland and Mr. Greenough as occupying the same geo-

logical position as in England and Wales
j
namely, between the carboniferous deposits

and the older slaty rocks.

That similar deposits exist in many parts of Europe is evident from the works of

Strangways, Brongniart, Von Buch, Hisinger, Dalman, Keilhau, and other writers, as

well as from the fossils found in Norway, Sweden, Russia, Poland, Germany and France
;

though patient comparisons must be instituted before the peculiar relations of the Si-

lurian Rocks of those countries can be established
1

.

Their spread through distant regions will be again brought under consideration, in the

concluding view of the general distribution of organic remains. In the mean time it

1 I cannot attempt to enumerate the names of all the foreign authors who have written on Transition Rocks,

though many of those who treat of the Organic Remains are alluded to hereafter. See Part II. Judging from

the maps of Hisinger and Keilhau, I presume that both Upper and Lower Silurian Rocks exist in several di-

stricts of Sweden and Norway. It would appear that I may have been led into an error (p. 169 note) in sup-

posing that the Old Red Sandstone occurs in these regions. I hope, however, at some future day, to examine

personally the older rocks of Scandinavia and Russia, and to show to what extent they agree with those of our

own country.
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may be stated, that such deposits unquestionably exist in North America, not only

as inferred from the publications of our countrymen Bigsby and Weaver, but also from
the works of several American authors who have described organic remains (Dekay,

Green, &c), as well as from the letters of Mr. Featherstonhaugh and Professor Rogers.

And although I have not yet seen a sufficient number of fossils to enable me to enter

into details, the identity of certain species of trilobites, common to that continent and

Great Britain, sufficiently sustains the accuracy of the inference. It is, indeed, probable

that the Silurian strata are distributed throughout that quarter of the globe, since Mr.

Charles Darwin has recently brought home from the Falkland Islands masses of rock,

charged with fossils which can with difficulty be distinguished from specimens of the

Caradoc sandstone,—while the existence of other Silurian Rocks in Southern Africa

has been established by the evidence of organic remains collected by Dr. Smith, and
first transmitted to me by Sir John Herschel.

We have, therefore, every reason to believe, that although the complete order of the

foreign deposits of this age has not yet been pointed out, a little more labour will enable

us to place them in parallel with our own.

But to return to England,—soon after I issued my first prospectus, Professor Sedg-

wick assigned to the older and contiguous rocks of Wales the name of Cambrian ; and

the reason is obvious ; for the strata so designated are not only conterminous with the

Silurian System, but are in several parts seen to rise from beneath its lowest beds, and

fairly to unite with them. These names are not, however, propounded as immutable

;

they are simply offered as the best means we possess of clearly defining the objects to

be attained.

To show that these systems, like other large groups of strata in Great Britain, occu-

pied their true positions in the sea cliffs, both in relation to each other, and to the

younger deposits, I terminated my survey, by following them into Pembrokeshire,

—

proving, that after a course of one hundred and sixty miles, they preserved the

same relation to each other and to the overlying deposits, as in Shropshire and Here-

fordshire. Professor Sedgwick will complete this portion of the task, by explaining

how the two systems range to the coast of North Wales, and how they are there

related to the younger formations.

In tracing them to distant parts, the reader must not expect to find the Silurian

rocks preserving an uniform lithological character, or conforming precisely through-

out large spaces to the prevailing mineral types of the region described. This

remark applies not merely to other countries of Europe, but even to distant parts

of Britain : thus, although the calcareous flags of Llandeilo with their accompanying

schists are considered to form the base of the Silurian System, their place is some-

times taken, often indeed they are underlaid, by sandstones of considerable thickness.

Again, besides the frequent absence of beds of limestone in the Ludlow and Wen-

lock formations above alluded to, those deposits do not preserve the same lithological
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characters over wide tracts, their colour and composition in parts of Caermarthenshire

and Pembrokeshire, and also at Tortworth, being very different from those of the same

rocks in Shropshire and Herefordshire. And thus the lesson which has been already

taught us by an examination of the younger deposits is repeated,—that the zoological

contents of rocks, when coupled with their order of superposition, are the only safe

criteria of their age. By such proofs we are enabled to distinguish the Silurian de-

posits from all others previously described, and through every lithological change we

can thereby separate the system into upper and lower divisions.

Quitting the Silurian rocks, and taking an ascending prospect, I may observe, that

although the stratigraphical position of the Old Red Sandstone and its general rela-

tions, both in England and Scotland, were well known, no complete account of its

range, succession, and zoological contents, in Herefordshire and the adjacent counties,

had yet appeared, though it there forms one of the largest of the stratified British groups 1

.

Perceiving that besides this great thickness, the Old Red Sandstone had an individuality

of mineral character, and peculiar organic remains, I ventured for the first time to

designate it a system. This step was taken, not only to mark distinctly the vastness

of the strata by which the Silurian deposits are separated from those of the carboniferous

sera, but also to indicate at one glance, that the coal measures of our country are in-

cluded between two great red coloured systems of rock—the New Red Sandstone above,

the Old Red Sandstone below.

Had my labours terminated at this point, the Silurian Rocks, and their immediate

relations to the overlying and underlying deposits, might have been long ago deve-

loped ; but I felt that unless the structure of the whole region in question was made

known, the map would have been imperfect, and the work would have borne an un-

finished character. I therefore resolved to give sketches of all the coal fields included

in the area examined, and further to explain their relations to the surrounding deposits.

In adopting this resolution, however, I could scarcely estimate the additional exertions

required ;
for, with the exception of the basins of the Forest of Dean, and of South

Wales, none of these coal tracts, so important in the mineral economy of the nation,

had been described.

But these subjects did not exclusively engross my attention. To render their history

complete, it was necessary to examine minutely all the rocks of igneous or volcanic

origin, which are interlaminated with, or penetrate the strata at so many points, as well

as to follow out the lines of elevation and dislocation. Further, to arrive at clear

i The highest mountain in South Wales, called the " Fans" or points of Brecon, from its double summit, is

2862 feet above the sea, and is entirely composed of nearly horizontal beds of Old Red Sandstone. Through

an error of the press, (p. 170) this mountain is stated to be 2500 feet high. The height of the Caermarthen

Fans is accurately given as 2590 feet. Both these mountains are seen in the view facing p. 346, and the

heights of both are correctly marked in that lithograph and on the map.

A*



10 INTRODUCTION.

deductions, it was indispensable that all the overlying formations should be examined

'

and their boundaries laid down upon the map.

In searching the younger deposits I learnt, that the New Red System was separable

into distinct formations, one of the uppermost being found to contain a band of sand-

stone with peculiar fossils. Though not previously noted, this rock most clearly re-

presents the sandstone of the " keuper " or " marnes irrisees ;" while the central masses

of sandstone, both by geological position and the plants they contain, are shown to

occupy the place of the " bunter sandstein" or " gres bigarre" of foreign geologists.

Finally, I ascertained, that within the area of the Silurian region there were na-

tural sections, exposing passages throughout the whole series, and thus connecting all

the formations from the oolitic to the slaty Cambrian rocks; a most remarkable fact,

and one perhaps almost without parallel in any European district of like extent.

I need hardly say, that these numerous branches of the subject have caused a much

longer examination than was originally contemplated and have considerably retarded

the appearance of these volumes. Geologists, indeed, require no apology for the delay,

as they well know that the illustrations of such a work could not have been rapidly

prepared j but from those friends who have not made our science their pursuit, and

yet have countenanced my efforts, a larger measure of indulgence is claimed. With

the aid, however, of the map, the numerous coloured sections, and pictorial views, it

is hoped that this class of readers will not encounter many serious difficulties. As

owners of the soil, I hope they may derive some use, not only from the efforts I have

made to indicate where coal may be advantageously sought for, but from those which

demonstrate where it never can be found ; while a knowledge of the true nature of the

sub-strata cannot fail to be of value to the agriculturist.

In deciphering the history of these rocks, I have worked from the upper or known

formations to the lower or unknown, and the reader will therefore be led through

a descending geological series. The younger stratified deposits which flank the

Silurian territory on the east and north will be first described, and then the inferior

sedimentary masses j while the rocks of volcanic origin, and the effects produced by

their intrusion amid the strata, will be pointed out in each district in which the order

of the beds has been previously established.

After being thus carried back to remote periods, during which the order of the strata

has often been deranged by great dislocations and volcanic eruptions, the reader's atten-

tion will be called to the various sorts of superficial detritus of the region, which being

formed out of all the solid formations, could not be intelligibly explained without a pre-

vious account of the rocks from which it has been derived. In this branch of our

subject, the reasons for pursuing a descending order of inquiry no longer existing, the

historical method is adopted. Beginning, therefore, with the consideration of the

earliest deposited loose materials, the student will have successively placed before him

each newer accumulation of gravel or sand, whether entirely marine, or formed during
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the transition from a submarine condition, into the sera when the newly-raised surface

was first occupied by lakes and broad rivers. He will, in short, be conducted, step by

step, from the time when large portions of our island were beneath the sea, to the con-

sideration of the deposits which are in actual progress of formation above it j and thus

he will embrace in one view the passage from the vast geological epochs into the com-

paratively brief period of history.

The first part of the work, including the descriptive geology of the region, will then

be terminated, by a review of some striking results of the present inquiry.

The second part is exclusively devoted to Zoology, and contains the evidences on

which many of the principal conclusions are founded
;
being a description of all the

fossils of the Old Red and Silurian Rocks, prefaced by a general view of the distribution

of animal life during the accumulation of those ancient strata.

Geologists will determine whether the results now offered to them are worthy of their

approval. If it be acknowledged, that no sound general views of the early periods

of the earth's history can be obtained, without a close investigation of the beds which

connect the sedimentary deposits previously known with the oldest stratified rocks, then

I may venture to hope, that the endeavour to clear up this difficult subject, will be

considered a step, however small, in the foundation of the science.

We already know, that certain deposits with their organic remains, maybe expected

to show themselves (though sometimes under different aspects) in distant lands.

Thus the tertiary and secondary strata have been identified over remote parts j

while our own island is remarkable for having afforded in great measure the original

types of the secondary age which directed that investigation. It appears highly pro-

bable, nay, it is even to a great extent already ascertained, that phenomena of the same

kind prevail with respect to the system described in this volume ; and that Siluria, with

its accumulations of remote antiquity teeming with organic remains, presents a table

made up of some of the earlier and hitherto undeciphered pages, which the history of

the earth in other countries offers to our study.

But the Silurian, though ancient, are not, as before stated, the most ancient fossili-

ferous strata. They are in truth but the upper portion of a succession of early de-

posits which it may hereafter be found necessary to describe under one comprehensive

name. For this purpose I venture to suggest the term " Protozoic Rocks," thereby

to imply the first or lowest formations in which animals or vegetables appear.

That there is a limit in the descending scale of formations, beneath which no traces

of life have been discovered, is now pretty generally recognised ; and looking merely to

this fact, geologists may agree to use the word " Protozoic," however they may differ

in their interpretation of the phenomenon.

One class of observers believe, that life did not exist when the earliest deposits took

place. They hold that the oldest crystalline strata (ancient gneiss, mica schist, &c.)

were formed during a period of great heat : and the astronomer seems to strengthen
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this opinion, by showing that the planet must have been in a state of total or partial

fusion when it assumed its present shape. Such reasoners are led to suppose, that the

earliest accumulations occurred under conditions which forbade the possibility of any

vital organization ; and they are further strengthened in their creed, when on exa-

mining the innermost folds of the earth's covering which have been extruded, they

find in them no vestiges of life. They conclude therefore, that it was only after a long

time, and when the surface had to a certain extent been cooled down by succeeding

changes and the addition of fresh materials, that animals and vegetables were called into

existence.

Other geologists contend, that as yet we gaze but dimly into the obscure vista of

these early periods ; and that even if organized beings did live when the first crystalline

rocks were formed, we cannot now hope to discover evident traces of their existence,

owing to the great metamorphoses which subsequent agencies have produced in these

masses,—metamorphoses which may be well supposed to have obliterated all traces of

primeval creation.

Without here attempting to decide this question, I would merely observe, that the

term "Protozoic," as above interpreted, maybe used by the maintainers of either

doctrine.

In conclusion, I repeat that my chief object is to develope the upper portion of this

vast series ;—its lower divisions belong to the task which has fortunately fallen to Pro-

fessor Sedgwick.
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OOLITIC SYSTEM.

Inferior Oolite.—Lias.— Outliers of Lias.

ORIGINALLY I had no intention of describing any rocks of so recent an age as

the Oolite and Lias. The work was to have commenced with an account of the

New Red Sandstone, as the youngest secondary deposit in the vicinity of any portion

of the" Silurian System." The discovery, however, of a great outlier of Lias in the

North of Shropshire and adjacent part of Cheshire, where the existence of that forma-

tion had never been even suspected, has induced me to extend the plan, and to preface

an account of that large insulated mass, by a few observations on the relations and

.structure of the Inferior Oolite of the Cotteswold Hills, and of the Lias of the Vale of

Worcester and Gloucester ; more particularly with the view of showing how the latter

passes down into the New Red Sandstone
1

.

In general terms, the Oolitic Series maybe described as a great and diversified group

of limestones, sandstones, grits, and clays, ranging across our island from Dorset-

shire on the south-west to Yorkshire on the north-east. The central members of this

group occupy the high districts of Oxfordshire and Gloucestershire, which form the

eastern limits of the annexed map. In this district Mr. Lonsdale has worked out with

great assiduity the relative position of the different members of the system, rectifying

an important error in their classification, and laying down their outlines to a great

extent on the maps of the Ordnance Survey 2
.

1 Smith's Strata Identified. It was in the oolitic series of the adjacent counties, that Smith established the

great principle of identifying the English strata by their imbedded organic remains. For information respecting

the Oolitic Series, see Outlines of the Geology of England and Wales, by Conybeare and W. Phillips
; Geology

of Yorkshire, 1st Vol., by Professor Phillips. Also various Memoirs in the Transactions of the Geological

Society of London, by Messrs. Buekland, De la Beche, Lonsdale, and Murchison.

? In pursuing his examination of the range of the Oolites, Mr. Lonsdale was the first to discover the true

geological position of the Stonesfield Slates, so long known to collectors by the beauty and number of their

organic remains. These Tilestones were formerly supposed to overlie the Great or Bath Oolite, but Mr.

Lonsdale has shown that in the Cotteswold Pvange they form the bottom of that rock. Having myself ex-

amined a portion of this district in detail, I may be allowed to state my belief that no geologist could so clearly

and systematically have rectified this important error of previous observers in the order of these beds, as Mr.

Lonsdale ; for no one had so closely studied their relations in the Bath district, whence as a type or base he

extended his inquiries.

B
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Rising from beneath the central members of the system, the Inferior Oolite and

Lias appear in great force along the escarpments of the Cotteswold Hills. As the beds

of these two formations have a general inclination to the east and south-east, at angles

varying from 5° to 12°, it is evident that, in crossing from the Cotteswold Hills to the

Severn, the strata of each group will be seen to emerge from beneath those which have

been deposited over them. In this way we make our first transverse section.

The following description applies, therefore, to such strata as are found in " de-

scending order," upon any straight line drawn from the escarpment of the Cotteswolds

to the banks of the Severn. See coloured section PL 29. fig. 1. and this wood-cut.

(West.) (East.) 1.

New Red r h. Red and green Marl.1 rfi

Sandstone. Xi. Sandstone and Marl.
Lias.-

-d. Upper Lias.

e. Marlstone.

/. Lower Lias Shale. ^ c

.ff. Limestone of the Lower Lias Shale.

T „ . fa. " Gryphite Grits."
Interior

Oolite 1
Cheltenham Bnilding-ston<

01 6
*

I - "Pea Grit."

Inferior Oolite.

The rocks composing this formation in the Cotteswold Hills are all more or less

calcareous. They rise to the west, from beneath certain clays and flaglike beds

(Stonesfield Slate) , and occupying a thickness of about. 1 50 feet, are divisible into three

parts.

(«. of section.) The uppermost is a brown calcareous grit, of a very coarse aspect, owing to the

number of shells it contains, among which Gryphcea Cymbium, Lima proboscidea, Trigonia

costata, and Pholadomya ambigua are the most abundant. This "Gryphite grit" caps the hills, and

is extracted for the use of the roads 1
.

(b. of section.) The central division is much the thickest, and may be subdivided into three parts.

1st. Upper Ragstone, and thin-bedded Oolite.

2nd. A fine-grained, light-coloured Oolite, the Cheltenham building-stone, which varies from

thirty to forty feet in thickness, and when quarried under ground is dressed with facility2 . It is

1 I named this stratum "Gryphite grit," from the prevalence of the " Gryphcea Cymbium." This name

and that of Pea grit (p. 12) are local terms, applicable only to the structure of the Upper and Lower strata of

the Inferior Oolite of Gloucestershire. (See Sketch of the Geology ot Cheltenham, 1834. J. Murray.)
2 In general, the Oolitic freestones, from whatever part of the system they are derived, on being exposed to

the atmosphere, lose much of that moisture which they naturally possess under ground, and become much

harder. The quarries of Ketton, in Northamptonshire, which are in the Great Oolite, yield, like those of Chel-

tenham, blocks of very large dimensions. These blocks are easily cut with the saw on being first extracted,

but become rapidly harder on exposure to the atmosphere, and when struck with a hammer clink like a piece

of metal.
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undistinguishable in lithological character from the freestone of Bath (Great Oolite), although

that rock is of more recent date 1
.

3rd. Lower Ragstone. Very fine-grained, hard Oolite; some beds largely quarried as trough-

stones. The Oolitic structure becomes coarser downwards, and passes into a rough concretionary

rock at the base of the formation.

The prevailing fossils of this central division are Clypeus sinuatus, Terehratulafimbria, T. glo-

bata, and T. perovalis.

(c. of section.) The lowest member of the Inferior Oolite has a remarkable aspect. It is of a rusty

brown colour, and is in great part made up of small flat concretions, from a quarter to half an inch

in diameter, which give to the stone, on first inspection, the appearance of a Nummulite rock. It is

called " Pea Grit " by the country people, and is a useful stone, when employed for gate-posts and

other rough work. Coralline bodies and Pentacrinites are spread over the sandy iron-shot faces of

the beds, and veins of crystallized carbonate of lime are of frequent occurrence throughout the

strata.

The organic remains of the formation in these hills are very numerous, the following,

collected by myself, being probably but a small portion of those which will hereafter be

found.

Fossils of the Inferior Oolite of the Cottesiuold Hills'2\

Ammonites Brownii. M. C. t. 263. and por-

tions of other species of Ammonites.

. corrugatus. M. C. t. 451 . f. 3.

elegans f M. C. t. 94.

Belemnites (portion of).

Berenicea diluviana. Lamouroux, Expos. Me-

thod, t. 86. f. 12 & 14. M. C. t. 424.

Cirrus carinatus. M. C. t. 429.

Clypeus sinuatus. Parkinson, Organ. Rem.

vol. hi. t. 2. f. 1.

Corals (of several species).

Gervillia . Species same as in Normandy.

Gryphcea Cymbium. Lamarck; see Deshayes,

Coquilles Caracterist. des Terrains, pi. 12.

f. 1 & 2.

Isocardia concentrica. M. C. t. 491. f. 1.

rostrata. M. C. t. 295. f. 3.

Modiola gibbosa. M. C. t. 211. f. 3.

Modiola plicata. M. C. t. 248.

Mya calciformis. Phill. t. 11. f. 3.

Natica adducta. Phill. t. 11. f. 35.

Ostrea acuminata. M. C. t. 135.

Marshii. M. C. t. 48.

solitaria. M. C. t. 468. f. 1.

Pentacrinites.

Pholadomya ambigua. M. C. t. 227-

— Fidicula. M. C. t. 225.

obtusa. M. C. t. 197- f. 2.

Pecten. Species undetermined.

Plicatula. Species undetermined.

Plagiostoma cardiforme. M. C. t. 113. f. 3.

giganteum. M. C. t. 77-

Parkinsonii. M. C. t. 307.

punctatum. M. C. t. 113. f. 1 & 2.

Terebratula emarginata. M. C. t. 435. f. 6.

fimbria. M. C. t. 326.

1 See note on Mr. Lonsdale's discoveries, supra, p. 13.

2 The greater number of the organic remains in this list have been named and figured by Mr. J. De C.

Sowerby, in his work "Mineral Conchology." The letters M. C. refer the student to that book, which forms an

essential part of every Geological Library. Some of the fossils are to be found in Phillips's " Geology of York-

shire."

B 2
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Terebratula globata. M. C. t. 436. f. 1. Trigonia costata. M. C. t. 85.

striata, M. C. t. 237- f. 1 3 2 & 3.

Unio ahductus. Phill. pi. 11. fig. 42.

media. M. C. t. 83. f. 7.

obsoleta. M. C. t. 83.

perovalis. M. C . t. 43 6 . f. 2 & 3

.

Should the observer extend his range to the south-west, he may trace similar strata,

containing many of the same species of fossils, from Gloucestershire through Somerset-

shire, to the coast cliffs at Bridport, Dorsetshire, where he will see the beds laid bare,

dipping under younger formations, and resting upon the Lias, as in the Cotteswold

Hills. In like manner, if he follow these beds north-eastward, he will find their re-

presentatives occupying similar positions in the Oolitic escarpment of the counties of

Oxford, Northampton, Rutland, and Lincolnshire, and thence extending to the high

and rugged cliffs between Scarborough and Whitby in Yorkshire 1

,

The Lias, or base of the Oolitic System, forms the subsoil of the whole of the Vale of

Gloucester, extending from the Cotteswold Hills to the Severn. Like the Inferior

Oolite, this formation may be followed on the south-west to Lyme Regis 2
in Dor-

setshire, and on the north-east to Whitby in Yorkshire. Near the latter place it is

more fully developed than in any other part of the kingdom, and has there been divided

by Professor Phillips into three parts. A fourfold division, however, is practicable in

Gloucestershire and Worcestershire, viz.

The Upper Lias Shale (d. of section, p. 11.) consists of a bluish clay, containing occa-

sionally nodules, or spherical concretions of dark argillaceous limestone, called in York-

shire and elsewhere "cement stones." This subgroup ranges along the escarpment of

the Cotteswold Hills, and may be seen on the sides of many of the roads where they

begin to descend from the hills into the valley of the Severn. In this stratum I have

observed the following organic remains.

1 See the Geological Map of England and Wales, by Mr. Greenough. Those who desire to obtain a full

knowledge of the different localities in which the same species of fossils have been found, must consult the

tables in the "Geological Manual" of De la Beche (3rd edit. 1833), and the Outlines of the Geology of

England and Wales, by Conybeare and Phillips, 1822.

2 Every fossilist should visit the collection of Miss Mary Anning, at Lyme Regis, who, by her discoveries,

has so materially contributed to our acquaintance with the organic remains of the Lias, especially in the class of

those gigantic reptiles which characterize the formation.

The Lias.

1. Upper Lias Shale ;

—

(the Alum Shale of Yorkshire.)

2. Marlstone.

3. Lower Lias Shale.

4. Limestone of the Lower Lias Shale.
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Ammonites annulatus. M. C. t. 222.

Area, or Cucullcea? Fragments.

Belemnites acutus. M. C. t. 590.

f. 1 & 3.

p. 114. Marlstone, Plate, f. 3. M. C. t. 254.

- fValcottii. M. C. t. 106.

- penicillatus. M. C. t. 590. f. 5 & 6.

- tubularis. Phill. t. 11. f. 27-

undulatus. Smith, Strat. System,

Gervillia. New species.

Inoceramus duhius. M. C. t. 584.

Lucina f

Modiola. New species ?

Nautilus.

Nucula. New species.

Pholadomya.

Plicatula spinosa. M. C. t. 245.

Trochus bisectus. Phill. t. 11. f. 27.

The presence of this zone of clay, which in some places must have a thickness of

sixty or seventy feet, is marked by the outburst of water, either in the form of springs,

or indicated by rushes and wet ground. It forms, in fact, the retentive support of

all the rain-water which percolates the overlying porous strata of the Inferior Oolite,

and thus gives rise to the river Chelt ; to the Seven Springs, or chief sources of the

Thames ; to the springs which supply the Cheltenham reservoir ; to those which in

ancient times filled the Roman baths near Whitcomb ; and to all the streamlets which,

descending from the Cotteswold Hills, are tributaries of the Severn.

The Marlstone {e. of section) is made up of alternating layers of yellow and blue marly

clays and sands, fox-coloured sandstone, sometimes calcareous, and beds of impure

limestone.

The most prevailing fossils are—

Avicula incequivalvis . M. C. t. 244. f. 2. Pecten cequivalvis. M. C. t. 136. f. 1.

Belemnites penicillatus. M. C. t. 590. f. 5 &6. Terehratula concinna. M. C. t. 83. f. 6.

Cardium truncatum. M. C. t. 553. f. 3. tetrahedra. M. C. t. 83. f. 4.

Gryphcea gigantea. M. C. t. 391.

Numerous ravines, by which the western sides of the Cotteswold Hills are furrowed,

expose this subdivision underlying the upper shale. It is also displayed in many de-

tached hills or outliers from the main ridge, as in Church Down, Robin Hood Hill, Bat-

tledown Hill near Cheltenham, Oxenton, and Bredon Hills.

The hill of Church Down 1

, which from its insulated position presents so striking an

object, affords one of those examples of denudation which are frequent in the Vale of

Worcester and Gloucester. The quarries upon the tabular summit are covered with a

few feet of yellowish sandy loam, containing spheroidal concretions of hard calcareous

grit, called "men's heads" by the workmen. These nodules resemble those which mark

Outliers of Marlstone.

1 Pronounced Chosen by the inhabitants.
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the lines of stratification in the coast cliffs near Bridport, Dorsetshire ; and others which

I have described as occupying nearly the same geological position in the Hebrides 1

.

Beneath this sandy loam, the quarries in work, (1831,) exhibited the following beds of

the Marlstone.

ft. in.

1. Lightish yellow micaceous sandstone full of Belemnites 4 o

2. " Pot-ears." Bluish gray calcareous grit, quarried for troughs 1 6

3.
(C Pendle." Brownish hard calc grit, jointed and fissured 0 10

4. Wayboard of clay, with some fossils 0 3

5. " Leathering-bed." Thick-bedded very hard micaceous marlstone, of greenish brown

colour, charged with fossils, of which Pecten cequivalvis and Belemnites abbreviatus

are the most abundant 5 0

6. " Best double Blue." Hardest and best road-stone, weathers to a brown colour .... 1 3

7. " Lowest Blue." A blue calcareous grit, partially discoloured by the decomposition of

pyrites . 1 5

Beneath this bed the water stands upon the clay of the lower Lias, which occupies

the sloping sides of the hills. A line drawn to the east, in the prolongation of the

surfaces of these beds, would precisely fall upon that part of the escarpment of the

Cotteswolds where the strata of the Marlstone, containing similar organic remains,

occupy their regular place in the series. It is therefore evident, that the intervening

valley has been hollowed out subsequently to the formation of the Lias and the Oolite
;

or, in other words, that there was a period when the strata of the Cotteswolds extended

in continuity as far as Church Down Hill. The same explanation applies to Oxenton,

Bredon, and all the other outlying masses of the Vales of Gloucester and Worcester.

(See Map.)

The Lower Lias Shale, (/. of section,) or great mass of the formation, occupies the

greater portion of the Vale of Gloucester and Evesham.

This Shale, resembling that of Dorset and the lower Shale of Yorkshire,, is a dark-

coloured calcareo-argillaceous and finely laminated deposit, containing occasionally

cement stones or concretions similar to those described in the Upper Lias. Among the

fossils which characterize it in the eastern part of the Vale are

Ammonites Cheltiensis ; and 5 or 6 other

Ammonites of undescribed species, some

very small.

Astacus glaber. N. s. Phillips.

Avicula incequivalvis. M. C. t. 244.

Belemnites abbreviatus. M. C.t. 590.f.2,3,&9.

Belemnites elongatus. Miller, Geol. Trans.

vol. ii. p. 60. pi. 7- f. 6, 7, & 8.

Crenatula ventricosa. M. C. t. 443.

Cucullcea elongata. M. C. t. 447-

Gryphcea incurva. Parkinson, Org. Rem. vol.

iii. t. 15. f. 3.

1 Transactions of the Geological Society, New Series, vol. ii. p. 353.
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Gtyphcea obliquata. M. C. t. 112.

Hippopodium ponder-osum. M. C. t. 250.

Lima antiquata. M. C. t. 214.

Pecten. Three undescribed species.

Pentacrinites scalaris. Goldfuss.

Serpula.

Vertebra of the Ichthyosaurus have also been

Spirifer.

Turritella muricata? M. C. t. 499.

Unio ?

found.

The Ammonite which I have named after the town of Cheltenham A. Cheltiensis, is

found also in the Lias of Lyme Regis in Dorset. It is represented in the following wood-

cut (a.), together with the two most characteristic bivalve shells, Gryphcea incurva (5.)

and G. obliquata (c).

The cement stones frequently contain Belemnites, and Ammonites Cheltiensis, occa-

sionally covered with an iridescent nacre. Many of the layers of this shale are highly

charged with iron pyrites (sulphuret of iron) , and when the fossil remains are coated

with this mineral, it generally gives to their surface that bright metallic lustre seen

upon many of the Ammonites.

Limestone of the Lower Lias Shale, (g. of section.) The right bank of the Severn

in the environs of Gloucester is occupied by several plateaus of Lias, which in some

points of their escarpment, as at the western part of Highnam Court, present good

sections of the passage of the lowest beds of the formation into the marls of the New
Red Sandstone. These consist of laminated shale, containing a few thin beds of

calcareous flagstone, the whole dipping to the east and south. In following the Lower

Lias thence through Gloucestershire and Worcestershire, its line of junction with the

marls of the New Red Sandstone is not confined to the left bank of the Severn as

marked upon previous geological maps 1
. The Lower Lias also occupies the hills

between Deerhurst and Tewkesbury, and appearing on the right bank of the Severn,

is quarried at Forthampton Court and at Bushley, Worcestershire ; and still farther

to the north it appears in the insulated hill of Longdon Heath near Upton. This is

the last outlier on the right bank of the river, the formation thenceforth following

1 For new outline west of Gloucester by Corsewood Hill, to Combe Hill on the left bank of the river, see the

Map annexed to this work.

a

2,
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the left bank from Shothonger Common to Brockeridge Common, three miles north

of Tewkesbury, whence it takes a straight course to the north-east by Boughton Hill

and Pirton to Norton, four miles south-east of Worcester. In describing the structure

and contents of the Lower Lias, and its junction with the marls of the New Red Sand-

stone along the line just mentioned, we may particularly notice a section at Combe Hill,

six miles north of Gloucester, as exhibiting a perfect and conformable transition from the

one system into the other. In the descending order we first perceive about 12 thin

courses of dark-coloured calcareous flagstones, which are extracted for roads, paving,

building, and burning to lime. These courses vary in thickness from 1 to 3 inches, and

are separated from each other by stiff marl : the two lowermost bands, known locally as

the " Rattler " and the "Bottom bed," are alone burnt for lime.

The surface of the flagstones is frequently covered with numerous fine and delicate

species of Echini ; and bones and vertebra? of Saurian animals have also been found.

These beds are underlaid by sandy pyritiferous shale, graduating downwards into cream-

coloured marl, succeeded by shivery, finely laminated, black shale, highly charged

with iron pyrites and small crystals of selenite, and containing a few thin courses

of whitish sandstone. The predominant fossils are

Ammonites planorhis. M. C. t. 448. 1

Modiola Hillana. M. C. t. 212.

Modiola minima. M. C. t. 210.

Ostrea. Small unpublished species very abundant.

Beneath these beds of flagstone, shale, and sandstone, there is a passage, through

lightish blue and grey marl, into the green and red marls, which form the upper limits

of the New Red Sandstone system ; the beds dipping at an angle of about 1 5° to

the south-east. The calcareous bands are known locally under the name of " clay-

stones
2," and they mark the base of the Lower Lias in its course through Gloucester-

shire and Worcestershire. When well exposed, they are always seen to graduate down-

wards, through finely laminated black shale, into the same whitish sandstone observed

at Combe Hill. Such relations appear in the promontory of Bushley, on the left bank

of the Severn, at Corsewood Hill, two miles west of the Haw Bridge ; on the sides of

the high road from Tewkesbury to Ledbury ; and at Forthampton Court ; the small

Ostrea, and Ammonites Planorhis, being the prevailing fossils.

An outlier called Longdon Heath, near Upton, has been during many years quarried for limestone,

1 Remains of Saurian animals have occasionally been found in the Vale of Gloucester, both in those beds

and in the Clays above, but as none of these specimens have fallen under my own observation, I cannot state

to what species they belong.

2 This " Claystone " of the Lias was formerly employed as the only road-stone ; but the facilities afforded by

water-carriage and the tram-roads, are now so great, that nearly all the high roads of the Vale are repaired

with limestone brought from Bristol, which is termed by geologists mountain or carboniferous limestone.

Being much more free from earthy matter, and more crystalline than the claystone, it forms a more durable

road.

c
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of which six beds are used, and known by the names of "Top/'* " Black/' "Tile/ 5

"Poacher/'

"Peaver," and "Bottom." The Poacher is an irregular course appearing and disappearing- the

" Bottom " is the best stone, and is seven inches thick. The strata on the north-west end of the

hill dip east- south-east 6°, but where they crop out the inclination increases to 12° and 15°. On
the higher parts of the hill the dip is north-east, and in its east-north-eastern face there are quarries

twenty feet deep, where the dip is west-south-west. This outlier and the range of Lias by Bushley

are, for the most part, covered with drifted superficial matter, composed of red clay, or gravel and

sand, which generally conceals the subsoil in this part of Worcestershire.

At Brockeridge Common, north of Tewkesbury, the same strata are very well exposed, the work-

men reckoning five principal calcareous beds, including one of Tilestone. These are overlaid by

hard layers, and underlaid by slaty clay, which towards the base becomes sandy, and finally passes

into the thin-bedded white sandstone to be described in the next chapter. The lower Lias of Brock-

eridge contains the characteristic fossils found at other places, viz. abundance of the small Modiolfe

and Ostreae, together with Ammonites Planorbis, Plagiostoma giganteum, and other fossils. The

ordinary dip is about 10° south-east and east-south-east ; but in one place the lowest bed rises up

at an angle of 25°. As the lower Lias occupies the highest ground in the environs of Tewkesbury,

it is there dignified by the title of the "hill rock" in contradistinction to the red marl, which is

usually in the lower ground.

The same lithological and zoological characters are preserved along the straight ridge of the lower

Lias, extending from Brockeridge Common to Boughton Hill and Pirton.

The continuation of the lower Lias from Pirton and Norton, near Worcester, into

Warwickshire has been carefully traced by Mr. Strickland, jun., for many miles, and the

boundaries have been laid down by him upon the Ordnance Map, including several

large promontories of Lias hitherto unnoticed. He has also discovered that the New
Red Sandstone has been protruded through the Lias along a line of fault near Crop-

thorn. It never was my intention to trace the course of the Lias into Warwickshire,

and I have attempted to describe its characters in the Vale of Gloucester and Worcester,

merely to point out the peculiarities of lithological structure and zoological contents,

where the lower members pass downwards into the New Red Sandstone 1

.

Such are the deposits which may be observed in crossing the Vale of Gloucester and

Worcester from east to west. They are all rocks of sedimentary origin, and are made

up of a prodigious number of beds or layers, each formation possessing an individuality

of mineral character and organic remains ; and as we descend in the series, we find the

remains of animals differing from those which had been deposited in the beds of earlier

age.

These submarine accumulations have, however, undergone great alterations since

the period of their original deposit, either by denudation during their rise from beneath

the sea, or by disintegration since they have been exposed to the atmosphere. They

have likewise been greatly affected by disturbing agents, some remarkable proofs of

1 The curious and important subject of the origin of the Cheltenham and other mineral waters of the Vale of

the Severn, will he entered upon, as soon as we have described those rocks in which they take their rise.

C
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which occur in the Cotteswold Hills, where the strata of Inferior Oolite dip in opposite

directions, and at high angles of inclination. Detailed accounts, however, of these

phenomena do not fall within the province of this work, and a correct acquaintance

with them can be only obtained by long and patient research.

On an Outlier of Lias in the North of Shropshire and South of Cheshire,

Relying upon the general belief of English geologists, that the low country of North

Salop and the South of Cheshire was occupied exclusively by the New Red Sandstone

or detritus covering that formation, I did not, during the first three years of survey of

the adjoining country, extend my researches beyond the Hawkstone and Hodnet Hills,

lying about fifteen miles to the north and north-north-east of Shrewsbury. In October,

1834, I accidentally learnt that sinkings in search of coal, had been prosecuted to some

extent in the district between Whitchurch and Market Drayton. On examining the

district I was soon convinced that the black shale, supposed by the inhabitants to be

coal shale, was nothing more than Lias, as was proved by an abundance of fossils
; and

that far from being confined to one spot, this formation, though much obscured by gravel

and clay, could be detected over a considerable area. I also found that this mass of

Lias was deposited in a basin, of shape more or less elliptical, from beneath which the

New Red Sandstone rises to the south in the hills of Hawkstone, to the south-east at

Market Drayton, to the east at Belton, to the north-east in the rising grounds extending

towards Nantwich, and to the north-west in the undulating country near Whitchurch.

(See Plate 29. fig. 2. and this wood-cut.)

* Superficial Gravel, &c. a. Marlstone. b. Lower Lias,

c. Saliferous Reel Marl. d. Red Sandstone.

The western boundary is ill defined, owing to the low and featureless form of the ground

and its being covered by vast accumulations of gravel, sand, and peat-bog. It is,

therefore, possible that the Lias may extend in this direction to some distance
;
but,

even assuming that it does not, and limiting the boundary by a line passing from Wem
and Edstaston to Burley Dam, east of Combermere, places where the formation has
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been detected, we find that this bowl has a length of about ten, and a breadth of three

to four and a half miles
1

. The greater part of this district consists of Lower Lias Shale,

but the overlying subdivision of the Marlstone is also apparent.

Marlstone.—This member of the Lias is well exposed in the hill on which the church

of Prees is built, (see centre of wood-cut above, and Plate 29. fig. 2.) both in quarries

and by the sides of the roads, dipping to the north-north-east at low angles. The upper

beds are composed of yellowish and greenish thin-bedded sandstone, slightly micaceous,

and in part calcareous ; the middle, of other yellowish sandstones, some of which are

more calcareous ; and the lowest beds, of sandy, dark-coloured slaty marl, and shale

with flattened spheroids of impure blue Lias limestone, which are undistinguishable from

the well-known cement-stones of the Yorkshire coast. The fossils which I obtained are

those which best characterize the Marlstone in Worcestershire and Gloucestershire, viz.

Avicula incequivalvis. M. C. t. 244. f. 2. Pecten cequivalvis. M. C. t. 136. f. 1.

Gryphcea gigantea. M. C. t. 391.

together with an Ammonite which appears to be referrible to Ammonites geometricus

(Phillips) of the Yorkshire Lias.

Lower Lias.—The Lower Lias consists entirely of finely laminated shale, as proved

by shafts which have been sunk on Wolliston Common. In the vicinity of Burley Dam,

some of the beds are so hard as to have induced Lord Combermere to quarry them for

slating purposes, and others at the same locality being slightly bituminous have very

much the mineral aspect of Kimmeridge Coal 2
. At Lightwood Green, the shale was

found to contain nodules of ferruginous cement-stone : while at Cloverly, beneath nu-

merous beds of dark marly shale, occurred one thin band of hard white stone with others

of a blue colour. These bands have been traced by the Rev. Thomas Egerton, from

Moreton Wood near Cloverly Hall, to Audlem and Burley Dam.

The natural facilities for examining the deposit are few, the surface being generally

covered by superficial clay and coarse gravel, sometimes to the thickness of twenty or

thirty yards, but its characters have been abundantly ascertained by borings for coal at

Heathgate, Moreton Wood, Prees Wood, Calver Hall, Burley Dam, Marchamly, Cloverly,

1 At Moreton Wood the Lias dips westerly, thus indicating, that it is there near the eastern side of the basin
;

whilst at Audlem and Burley Dam, along the north-eastern and northern boundary, the strata dip south-west

and south, at angles varying from 5° to 7°. I am much indebted to the Rev. T. Egerton and the Rev. W.
Egerton for their assistance in determining the outlines of this mass of Lias,

3 The Shale which forms the base of the upper division of the Oolitic series, occurs extensively in the coast

cliffs at Kimmeridge, in the Isle of Purbeck, and hence it has been termed Kimmeridge clay. Some of the beds

are very bituminous, and being occasionally used as fuel, are called Kimmeridge coal. The mineralogical cha-

racters of this formation so closely resemble coal shale, that those unacquainted with its stratigraphical position

and zoological contents, particularly in Oxfordshire and other interior parts of the kingdom, have frequently

sunk into it in search of coal ! ! See Outlines of the Geology of England and Wales, p. 177.

c 2
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and Wolliston Commons, &c. It is partially exposed between the escarpment of marl-
stone at Prees, and the talus of Red Marl and New Eed Sandstone of the Hawkstone
Hills

: there are also several outcrops of the strata between Marchamly on the south, and
the rising grounds of Audlem and Burley Dam on the north. The relations of the
Lower Lias to the New Red Sandstone are best seen near the eastern extremity of the

Hawkstone ridge
; and the water forming the series of ponds to the north of Hawk-

stone, is probably borne up by the marls of the New Red System.

Cloverly Hall, the seat of Mr. Dod, may be taken as a centre around which the lias

shale is of the greatest thickness. On Wolliston Common, for example, in one of the

attempts to find coal, after sinking two hundred and forty feet, the strata were bored to

the further depth of one hundred and fifty, making a total of about four hundred feet.

A little black lignite or jet was found in one instance, but nothing to justify the most
remote probability of the formation containing coal.

At the mouth of one of the trial pits I collected many fossils, and with the assistance

of Mr. Dod and the Rev. T. Egerton, the following list has been completed

:

Ammonites Bucklandi. M. C. t. 130.

communis. M. C. t. 107.

— Conybeari. M. C. t. 131.

planicosta. M. C. t. 406. f. 5 & 7.

planorhis. M. C. t. 448.

resembling planicosta (small).— New species (large and spinose).

A beautiful small species re-

sembling one published in Zieten's Ammo-
nites of the Wirtemberg Lias, &c.

Astarte elegans. M. C. t. 137. f- 3.

Small variety.

Behmnites suhclavatus. Voltz sur les Belem-

niteSj pi. 1. fig. 11. p. 38.

portions of another species.

Cidaris. This is the first example I have met

with in the Lias of any part of the body of

Echinodermata, although many spines be-

longing to this family have been found in

the Lias of Gloucestershire, and at Lyme
Regis.

Gryphcea incurva. (See wood- cut, p. 19. f. 2.)

Maccullochii. M. C. pi. 547. f. 1.

Modiola minima. M. C. t. 210. f. 5—7.

Pecten. An unpublished species, occurring also

in the Brora Lower Shale; see memoir
Geol. Trans., vol. 2. p. 320.

Pentacrinites scalaris (Goldfuss).

Plagiostoma giganteum. M. C. t. 77.

pectinoides. M. C. t. 114. f. 4.

Pullastra. Unpublished ; also found at Brora.

Geol. Trans., vol. 2. p. 320.

Rostellaria.

Spirifer Walcotti? M. C. t. 377. f. 2.

Teltina Unpublished, probably 2 species

(see memoir on Brora ut supra).

Turritella. Small unpublished species, pro-

bably same as at Banz, Germany.

Unto IAsteri ? M. C. t. 154. f. 1, 3, & 4.

Small portions of fishes or Crustacea ?

This list of fossils satisfactorily establishes the precise age of the beds, for besides

containing the Ammonites Bucklandi, Conybeari, and planicosta, characteristic of the

Lower Lias, we have the Ammonites Planorhis and Modiola minima, both of which are

distinguishing fossils of the same beds in Gloucestershire and Worcestershire. It was
gratifying to find in this detached basin of North Salop, shells identical with certain
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unpublished species first brought to notice by my visit to Brora, Sutherlandshire, the

strata of which distant tract, containing a sort of coal, were by means of their organic

remains identified with similar carbonaceous strata of the Oolitic system in the eastern

moorlands of Yorkshire. Had the Lias of this Salopian tract contained coal as good as

that found in the Oolitic formations of Whitby and of Brora, it might have been ques-

tionable whether in a country so distant from any deposit of the old or true coal, it

would not have been worth extracting ; but no trials have brought to light any portion

of combustible matter, whether termed lignite or impure coal, worthy of the name of a

bed 1
.

To convince the resident gentry and speculators of Northern Salop who are not

aware of the value of the evidence afforded by organic remains, of the hopelessness of

their search after coal, I beg to repeat, that the black shale is underlaid by the saliferous

marls of the New Red Sandstone. In addition to the instances already given I may

state, that the sinkings of Sir Corbet Corbet, at Adderley, opposite Kent's Rough, and

near the northern edge of the basin, proved this fact ; for upon piercing the black

shale to the depth of 300 feet a brine spring was reached ! A similar infraposition of

saliferous marls may be seen at Moss Hill farm, near Audlem. Lastly, an examination

of the annexed wood-cut, and the map will show, that the basin not only rests upon marls

and other strata of the New Red System, but is surrounded by them, and a reference to the

general tabular view attached to this work will prove that the whole of the enormously

thick system of the New Red Sandstone (as fully expanded here as in any part of En-

gland,) lies between the black shale and the true coal measures. If coal really passes be-

neath any portion ofthis country, it ought to be first sought for at points nearer to Oswestry,

Chirk, Wrexham, Shrewsbury, Wellington, Newport, and Madeley in Staffordshire, in

short, towards the outcrop of the coal measures which rise nearly on all sides from

beneath the New Red Sandstone. Now as this tract of Cloverly and Prees, lies in the

centre of the circle mentioned, it is necessarily the very spot in the whole area where

the search for coal is the most hopeless, being that where the overlying deposits are

thickest. (See Plate 29. fig. 23.)

W.S.W. E.N.E. 4.

Oswestry. Prees. North of Staffordshire.

a. Marlstone. b. Lower Lias. c. Saliferous Marl, &c. d. New Red Sandstone.

e. Calcareous Conglomerate and Lower New Red Sandstone.
f. Coal Measures.

1 The working of the Brora Coal, though undertaken with the greatest spirit and continued at considerable

expense by the late Duke of Sutherland, has now been entirely abandoned, owing to itspyritous impure quality

and consequent tendency to spontaneous combustion. (See Geol. Trans., vol. ii. p. 293.)

\
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But if no useful practical results attend the discovery of this large mass of Lias, its

detached position gives rise to interesting geological speculations. Seeing that it is sixty

miles from the nearest point of the main escarpment of that formation in Worcestershire

and Warwickshire, and nearly two hundred miles distant from the Lias of the north-east

coast of Ireland, may we infer that the deposit was at one time continuous between these

remote places ? Was it connected at any period with those still more remote beds of the

same age, and containing the same fossils, which are spread over the Hebrides, and appear

at Brora on the north-east coast of Scotland ? Or, shall we conclude that these isolated

patches were originally deposited in widely distant bays, separated from each other by

ridges of older rock ? It is perhaps impossible to answer satisfactorily all these questions,

but in a future chapter I shall endeavour to show, that in this region at all events, certain

phenomena of elevation entitle us to speculate on the probable former connexion of the

outlier of North Salop, with the main mass of the formation in Warwickshire and Wor-
cestershire,



CHAPTER III.

NEW RED SYSTEM.

UPPER FORMATIONS.

1. Saliferous Marls, fyc.—2. Red Sandstone and Quartzose Conglomerate.

In the preceding chapter it has been shown, that the Lias is succeeded by beds of green

and red marl, constituting the upper portion of the great series of strata, called in the

annexed stratigraphical table the New Red System. In this system are included all those

deposits of marl, sandstone, and limestone, which lie between the Lias and the car-

boniferous rocks, and which from their great development in certain parts of the island,

are capable of being divided into formations, by differences in lithological and fossili-

ferous characters. In the South-west of England, Messrs. Buckland and Conybeare 1 have

described them as consisting of upper marls, central sandstones, and a lower deposit

of conglomerate, composed of fragments of carboniferous limestone cemented by a

calcareous paste containing magnesia. The last-mentioned rock, called by them the

Dolomitic conglomerate, is the equivalent of the magnesian limestone of Durham and
Yorkshire, and lies unconformably upon the coal measures. In the North-east of En-

1 With regret I observe, that in reference to this system, my distinguished friends Messrs. Buckland and
Conybeare have recently abandoned (it is to be hoped for a short time only) the simple English name of New Red
Sandstone, adopting the Greek derivative " Pcecilitic " or " Poikilitic," which being translated means variegated

or spotted, the " Bunter " of the Germans, or " Irise " of the French. There are strong reasons why this hard

word should not be received in our geological tables. 1st. There are great masses of the New Red Sand-

stone which are not spotted or variegated. 2ndly. There are vast tracts of England, Scotland, and Ireland, in

which the Old Red Sandstone is quite as much spotted as the New. Now, as the great object of nomenclature

and classification is to simplify, I cannot perceive why in the very region, of all others in Europe, where the di-

stinctions which have led to a great stratigraphical separation between the New and Old Red Sandstones are

best displayed, a name should now be borrowed from the French, which with equal fitness may be applied to

either of these systems, since it expresses nothing more than a lithological feature common to them both. I

therefore earnestly hope that the long- established and well-understood names of New and Old Red Sand-

stone, the one above, the other below the coal measures, may be adhered to by all British geologists. In

France the nomenclature of Brongniart might well be received, since in that country there is no great system

representing the Old Red Sandstone of the British Islands, though we know that it is largely developed in

Norway, and, according to Mr. Lyell, in Silesia and Bohemia. (See Principles of Geology, vol. iv. p. 313. Ed. 4.)
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gland, however, where the lower members of this system are much more fully developed,

the subsequent researches of Professor Sedgwick have thrown a new light on these re-

lations, proving that a great thickness of sandstone is there interpolated between the

magnesian limestone and the carboniferous strata; and further establishing the important

fact, that the coal measures of that region sometimes pass conformably into the lower

New Red Sandstone 1

. I now proceed to show, that in the central counties, where its

structure was once deemed " obscure to the most acute geologists 2," this system may
also be subdivided into formations, representing those of the North of England ; an ac-

quaintance with which, will be found of great practical importance, in the neighbour-

hood of the underlying coal fields. In the descending order these formations are—

1 . Saliferous Marls, fyc.

2. Red Sandstone and quartzose Conglomerate.

3. Calcareous Conglomerate = Magnesian Limestone.

4. Lower Red Sandstone,

5.

a. Lower Lias. b. Saliferous Marls, &c. c, Red Sandstone and Quartzose Conglomerate.

d. Calcareous Conglomerate. e. Lower New Red Sandstone. /. Upper Coal Measures.

Before describing these deposits, it is desirable to cast a glance over the map, and

consider their geographical position as a whole. To the south-west of Gloucester they

occupy a mere band, which after many contractions and expansions between Newent,

the Malvern Hills and the Severn, finally spreads out in the plains of Worcestershire.

Thence the Lias and Oolite rapidly receding in a north-easterly direction, the area of the

New Red Sandstone is greatly enlarged; and finally where the Silurian and Cambrian

rocks terminate abruptly near Shrewsbury, the Red Sandstone wrapping round their

edges, is extended over a large region, the greatest width of which, from the coal-field of

Chirk and Oswestry on the west, to the Lias of Leicestershire on the east, is not less

than seventy-five miles. The following observations apply to the western portion of this

area, and to some of those central districts where the coal-measures and older rocks

protrude through the younger deposits.

1 Professor Sedgwick, Geol. Trans., vol. iii., thus identified this LowerNew Red Sandstone with the "Rodte-

todte-liegende " of German geologists ; see account of this rock, in the next Chapter.

2 Bucklandand Conyheare, Geol. Trans., vol. i. p. 299. New Series. The passage alluded to, is,
—"The

Newer Red Sandstone exhibiting throughout its whole course an identity of character and composition, is ab-

solutely continuous from the points in this district (Bristol and Tortworth) where it rests unconformably on the

coal measures, to the plains of Salop, where its relations to the coal measures have appeared obscure to the most

acute geologists." (1825.)
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1. Saliferous Marls and Sandstone.

Foreign Synonyms.—"Keuper" of the Germans, "Marnes irisees " of the French.

Qi. of coloured section, Plate 29. fig. 1. See also h of woodcut 1. p. 14. c. of woodcuts

3 and 4. pp. 22 and 26, and b. of woodcut 5. p. 28.)

The whole of the New Red System, as seen in the narrow tract near Newnham and

Flaxley, in Gloucestershire, is exhibited only in the form of red and green marls, which,

on the east, pass upwards into Lias, and on the west repose unconformably upon the

Old Red Sandstone and Silurian Rocks. At Tibberton, five miles west of Gloucester,

they include courses of hardish sandy marlstone, of a light green colour, the upper-

most of which is nearly as white as chalk, and sometimes of a slightly brecciated

structure. No hard stone occurs in this formation between Gloucester and Newent.

As, however, we proceed northwards, the Burg Hill quarries, situated near the village

of Stainton, afford an exception, and contain a sandy marlstone of lightish green and flesh

colours, in some beds almost a grass-green, passing into calcareous, slightly micaceous

grit. From the neighbourhood of Gloucester to the north of Upton, the Severn flows

through soft Red Marl, exhibiting on its banks (as at the Mythe, north of Tewkesbury,

and near Upton) vertical sections of red and green beds, with spots of each colour-

Here the marls are of great thickness, and extend westward, almost to the foot of the

Malvern Hills, from which they are separated by only thin zones of sandstone and occasional

conglomerates. The junction line of the upper beds with the Lias, ranging from Glou-

cester to the north-east of Worcester, has been already described. The western boundary

of the formation in Worcestershire cannot be very accurately defined, in consequence of

the gravel which obscures so much of this low country; but, in general terms, it maybe
stated that the marls reach within a short distance of the Malvern and Abberley Hills.

Subordinate to these marls, and not far removed from their junction with the Lias, are

beds of whitish sandstone, which form thin courses at Combe Hill, west of Cheltenham

;

and at Bushley, west of Tewkesbury. At Longden they are thicker, and at Ripple on

the left bank of the Severn four miles north of Tewkesbury, they swell out to twenty

and thirty feet. This rock doubtless represents one of the sandstones subordinate to

red and green marls which occur at Coburg, Stuttgard, and other parts of Germany, and

at Luneville in France; constituting the "Keuper" formation of foreign geologists'.

1 To convey to my readers some notion of the nature and succession of the strata comprehended by the

Germans under the term " Keuper," I herewith annex a section of that formation at Stuttgard, made by Pro-

fessor Sedgwick and myself in 1828. From this and subsequent observations of my own, particularly in the

neighbourhood of Nurnberg, Coburg, and Gottingen (1829), I came to the conclusion that the German forma-

tion, as established by Humboldt and Hoffmann, for the purpose of distinguishing the red marls and sandstone

which rest upon the Muschelkalk, from those which occur beneath that limestone was the true equivalent of the

upper division of our English New Red Sandstone. I afterwards stated this opinion to the Geological Society,

D
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Is

Throughout its range in Gloucestershire and Worcestershire, the red marl is never

inclined at a greater angle than 15°, the average dip of the strata rarely exceeding

5° to 8°, and always to the east, or a little north or south of that point. The salt

springs at Droitwich, and the numerous saline waters which rise to the surface upon

the edges of the Lias, extending thence to Gloucester, have all their source in the same

formation. These brine springs and the surrounding strata, were first described by

pointing out at the same time the rocks in Germany and France which I conceived to be the equivalents of the

other British secondary formations. (See Geol. Proc, vol. i. p. 353, with references to the works of Alberti,

Hoffmann, Jager, &c.)

Section of the Keuper descendingfrom the village of Degerloch to Stuttgard.

'
1. Rusty brown and bluish marls with sandy stone bands, shells appearing in the lower part . 10 to 12

2. Lias limestone having a compact ferruginous exterior, and a blue interior, with many of the

fossils of our Lias, and much resembling some beds in the Hebrides, as well as the lower

claystones of Gloucestershire. Beds, nine inches thick, quarried for flagstones 9 to 10

3. Marls and white gritty sandstone, passage into Keuper (similar to the passage described in

this work) 10 to 12

r 4. Purple and green argillaceous marl with some hard, flaglike, slaty, micaceous sandstone . . 60 to 80

5. White quartzose grits, used as millstones, with green spots of marl (Thon-galien), weathering

reddish, but white on fracture ;
containing large stems of plants, some of which preserve

their carbonaceous coating. (These beds are apparently in the place of the Ripple sand-

stone described in the text.) 1 6 to 20

6. Keuper marl, like No. 4, but differing in containing subordinate thin beds of sandstone and

a millstone-grit, into which the marly layers pass horizontally 80 to 100

7. Marls with bands of compact green marlstone (like that of Burghill, Luneville and Coburg),

passing into compactish limestone, with veins of sulphate of barytes and carbonate of lime. 60 to 70

8. Thinly laminated, shivery marls, 20 to 30 and 40 bands exposed in one section (thickness

unknown)

.

The Muschelkalk limestone, which is wanting in the English New Red System, lies below the above-mentioned

strata, and is seen on the banks of the river Neckar. The prevailing colours of the marls and sandstones at

Stuttgard are purple and chocolate ; while at Coburg the principal masses are hard calcareous grits of lively

green colours, and at Niirnberg, the edifices of which city are built of Keuper, the rock is a pale red sandstone.

Among the plants of the Keuper figured by Dr. Jager and M. Adolphe Brongniart, are Equisetum columnare,

Brong., Catamites arenaceus, Brong., Calamites arenaceus minor, Jager, Lycopodiolithes phlegmaroides, Sternberg

(Lycopodites of Brong.). See figures of other plants in this formation at Coburg in a work by Dr. Berger (Die

Versteinerungen der Coburger Gegend, 1832). The shells consist of Posidonia Keuperi, Voltz, P. minuta

Alberti, Saxicava Blainvillii, and other casts of undescribed species. In the lower beds some of the Muschelkalk

fossils appear, such as, Lima lineata, Avicula socialis, Schloth., Avicula subcostata, A. lineata, and Perna vetusta,

Goldf. Fishes occur in the formation, and they have been distinctly separated by Agassiz from those of the Lias.

He remarks that "this is the most recent deposit in which the fishes of the family of Ganoids have the vertebral

column prolonged into an unequal lobe, reaching to the extremity of the caudal fin." But the most remarkable

remains are the Saurians, named by Dr. Jager, Phytosaurus cylindricodon, and P. cubicodon. Some of the

organic remains of this formation indicate a transition downwards from the base of the oolitic system, and one

or two of the plants common to the Keuper and Lower Oolite are identical ; for example, the Equisetum colum-

nare, Brongn. Oncylogonatum carbonarium, Konig, Geol. Trans., vol. ii. p. 300, so abundant in the coal of the

oolite at Brora, is equally common in the Keuper of Germany. In the grand duchy of Baden, where the same

plant is abundantly found in schist of the Keuper formation, coal is also associated ; a fact which rests on the

authority of that excellent observer M. Voltz of Strasburg. (See other observations on the contents of the

Keuper formation, and its separation from the Gres bigarre, p. 36, et seq.)
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Mr. Leonard Horner 1
. Dr. Hastings has recently published an interesting account of

the saliferous district around Worcester, from which we learn, that though the springs

at Droitwich have been in use since the time of the Romans, it is only within these few

years, that rock salt has been discovered in this neighbourhood, a fact which seems in-

explicable when we recollect that many years have elapsed since it was shown by Dr.

Holland2
, that masses of rock salt were the source of all the brine springs in Cheshire,

the marls of which county are precisely of the same age and composition as those of

Worcestershire. The account of the Droitwich springs in Nash's History of Worcester,

might alone have afforded sufficient evidence of the existence of a subjacent body of rock

salt, the trial sections detailed therein having passed through "rivers of salt" and al-

ternating beds of clay, marl, and gypsum, to a " rock of salt." Notwithstanding these

trials, it was only in the year 1828 that a Cheshire brine smeller, judging from various

subsidences and chasms in the marl, fixed upon Stoke Prior, three miles east of Droit-

wich, as a spot where productive mines might be sunk. The attempt verified the cor-

rectness of his opinion and led to the discovery of rock salt. The relations of these beds

of salt are well explained in the following section of the works at Stoke Prior (taken

from the pamphlet of Dr. Hastings) , which affords a good insight into the general struc-

ture of the red marl of this district, and shows the same association of salt with sulphate

of lime, as in other parts of Europe.
6.

m l k j i h gf ed ft.

a. Red and green marl Ill
b. Red and green marl with few distinct appearances of bedding, traversed by veins of

gypsum usually vertical 1 95
c. Redmarl, containing "rock salt, "nearly pure, distributed like thegypsum in the overlyingmass. 24
d. First layer of rock salt, red coloured and impure . .

e. Red marl with veins of salt 3
2nd rock salt, containing 25 per cent, of reddish marl 10
Green marl layer 1

Red marl with veins of salt 12
i. 3rd rock salt 6
j. Red marl layer with veins of salt 2
k. 4th, or thick bed of rock salt, including from 7 to 20 feet of marl 39
I. Red marl with veins of salt of flesh colour 24
m. 5th rock salt ; 30 feet thick and no bottom 30

9-

h.

in.

0

0
0
6
6
0
6

6
6
6
0
0
0

feet 460 0

1 Geol. Trans., Old Series, vol. ii. p. 94. 2 Geol. Trans., Old Series, vol. i. p. 38.

D 2
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These sinkings through a portion of the saliferous marls at Stoke Prior in Worcester-

shire 1 afford us some means of judging of the maximum thickness of this upper member

of the New Red System, which we shall not exaggerate if we compute it at upwards of

six hundred feet.

By reference to the map it will be seen that these salt mines at Stoke Prior are little

more than two miles distant from the edge of the Lias at Forest Hill, near Hanbury

;

and as the whole body of these marls is overlaid by that formation, the section at this spot

is one of the most convincing proofs in England of the exact position of the member of

the New Red System, which in England is the matrix of rock salt. The perfectly analo-

gous position of the Cheshire salt, has recently been determined by the discovery of the

basin of Lias near Whitchurch and Nantwich. (See Plate 29. figs. 2 and 3, and wood-

cut 4. p. 25.) Numberless sections in Worcestershire, Staffordshire, or Shropshire, prove

that neither rock salt nor salt springs occur in the middle or lower members of the New
Red Sandstone • and hence the term " Saliferous " as applied to the whole system appears

objectionable, since the marls in which the salt lies, constitute only the upper portion of

the mass we are now considering under the general head of " the New Red System."

For though in certain parts of Germany, salt appears to pervade the underlying "Bunter

Sandstein," as we learn from the excellent monograph of Alberti
2

, we also know that

in other tracts of central Europe it abounds in tertiary strata (Wielitzka in Poland).

At Cardona, in Spain, it is found in rocks of the age of our green sand ; in the Austrian

Alps it has been shown by Professor Sedgwick and myself to occur in limestone of the

oolitic system
3

; whilst in many countries, including England, saline springs occasionally

burst out from the carboniferous and older systems of rock.

I have never detected any traces of organic remains in this upper formation of the

New Red System in England, though in Germany I have observed them in several lo-

calities, in the alternating masses of marl and sandstone which there constitute the

Keuper. (See note, p. 30.) In a memoir communicated to the Geological Society while

these pages are going through the press, Dr. Buckland has described the sandstone of

Warwick, Pyle in Glamorganshire, Sutton Mallet near Bridgewater, and several localities

near Taunton, as a part of the Keuper formation
;

resting his conclusions on the

lithological character of the stone, and the discovery of an unknown species of Saurian,

1 Owing to the undulating nature of the country, the natural sections of red and green marl near Droitwich

are clearly exposed ; but at Stoke Prior the surface is level, and has been extensively denuded and covered by

gravel ; it is therefore by shaft sections only that we there ascertain the succession of the strata. I recently

visited this spot to examine the sides of a new shaft, and from the appearance of the spotted marls and gypseous

beds which were exposed, I have no doubt that the section given in the woodcut, p. 31, may be depended upon.

2 Monographic des bunten Sandsteins, Muschelkalks und Keuper. Stuttgard, 1834. This work is full of

merit and accurate research, though I cannot say that the new wordTWas of the author, appears to me a happy

selection in reference to these three formations ; nor can we apply it in England, seeing that one of them, the

Muschelkalk, is wanting.

3 Geol. Trans., vol. iii. p. 30 ; Proceedings Geol. Soc, vol. i. p. 227 ; and Phil. Mag., vol. viii. pp. 64 and

81. plate 2.
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found some years ago in the sandstone of Warwick, and considered by Dr. Buckland

to be allied to the genus Phytosaurus, associated with fragments of plants, which are in

too mutilated a state to allow the species to be ascertained.

This view does not coincide with my conclusions respecting the English equivalents

of the Keuper ; for I believe that the German formation is represented by our saliferous

marls, with the sandstone before described ; and it will presently be shown that masses

of rock much resembling that of Warwick, and apparently occupying the same stra-

tigraphical position, must be considered to form an integral part of the underlying

New Red Sandstone (Bunter Sandstein, Gres bigarre), The occurrence of a Saurian,

even if the genus were established, could not prove the beds of Warwick to belong to

the Keuper; for we know that in the upper secondary formations, the remains of Hylcso-

saurus have been discovered both in the Lower Green Sand and in the Wealden, though

the first of these formations is of marine, and the second of freshwater or estuary origin *

while with reference to the rocks now under consideration, M. Voltz has taught us,

that Saurians occur in the Gres bigarre or Red Sandstone beneath the Muschelkalk,

as well as in the Keuper above it.

The fossils of the overlying and underlying formations inEngland being of marine origin,

there is little doubt that the red marl must also have been deposited beneath the sea.

In Germany and in France this inference is established by the presence of marine remains

in the Keuper, Muschelkalk, and Bunter Sandstein, the three upper formations of the

system ; the first of which, as before mentioned, represents our saliferous marls. The

second or great calcareous formation has not yet been discovered in the British Isles
;

and the third is the equivalent of those massive central sandstones of our system treated

of in the following part of this chapter. The numerous brine springs as well as masses

of rock salt which are contained in the red marl, seem to offer additional proofs of the

marine origin of these deposits, since Dr. Daubeny has shown, that in many of these

saline sources there is an admixture of iodine, a principle which is confined to the sea

and its productions. This argument is not however to be considered decisive, but only

as forming a portion of cumulative evidence, which taken in conjunction with that of

the remains occurring in the deposits of this age on the Continent, fortifies the con-

clusion that our saliferous marls are of marine origin ; for it might be said that iodine

and chloride of sodium have been derived in the first instance from the interior of the

earth, and that the ocean may have owed its saltness to beds of rock salt, as well as

that rock salt owes its origin to the evaporation of sea-water.

These considerations lead us naturally to an examination of the origin of the mineral

springs so abundant in the Vales of Gloucester, Worcester, &c.
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Mineral Springs of Gloucestershire and Worcestershire.

The true nature and geological position of the strata through which these springs rise

had not been described before the year 1833, when I made them known in a brief

sketch of the geology of the environs of Cheltenham. In one of the previously pub-

lished analyses, the Cotteswold Hills were assumed to be "magnesian limestone," and

the blue clay through which the waters ascend, was said to cover the limestone. That

this clay, the lower Lias, passes beneath the calcareous rocks, is a fact now known to

every geologist (See woodcut l.p. 14. and PL 29. fig. 1.); and instead of the magnesian

limestone, which does not exist in this district, the stone of the adjoining hills is proved

to be the Inferior Oolite. Again, in a recent work, the production of an able chemist,

the waters are supposed to rise through sand 1

. It was therefore desirable to show

distinctly, that the lowest marly and argillaceous beds of the Lias formation, are really

the strata through which these waters find their way to the surface. For a long time

after their first discovery at Cheltenham, it was the general belief that they had only

one source ; but numerous sinkings, at depths from eighty to one hundred and thirty

feet, adjacent to, and at considerable distances from the old springs, have established the

fact, that many strata were saturated with water, holding in solution the chloride of

sodium, the sulphates of soda and magnesia, and other mineral substances.

From the analyses of the.se waters by several chemists, it appears that their principal

constituents are the chloride of sodium or sea salt, and the sulphates of soda and mag-

nesia
i
sulphate of lime, oxide of iron, and chloride of magnesium, being present in some

wells only, and in much smaller quantities
2

. The analyses have also proved, that

these substances vary much in their relative proportions at different sources, a circum-

stance which must arise from the waters changing their composition with the varied

mineral structure of the strata which they traverse. Besides the ingredients just men-

tioned, iodine and bromine have, as already stated, been detected in several of the

sources by Dr. Daubeny 3
, who has endeavoured to ascertain whether these two active

principles, which the French chemists had recently discovered in modern marine pro-

ductions, did not also exist in mineral salt waters, issuing from strata which geologists

consider to have been formed beneath the sea; and his examination has established the

1 Thermal and Mineral Springs, by Dr. Gairdner, 1832, p. 419 : an excellent work. The mistake in this

case is that of confounding the superficial sandy detritus of the district, with the formation on which it rests.

2 The waters were formerly analysed by Brande and Parkes, subsequently by Dr. Scudamore and Dr. Daubeny.

Professor Daniell has examined those of Pittville, and Mr. Cooper has recently made a very elaborate analysis

of those of Montpelier, with the details of which I am not acquainted. His observations, I believe, coincide

with those of Dr. Daubeny, in the detection of iodine and bromine.

3 Philosophical Transactions, May, 1830.
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existence of iodine and bromine, not only in the waters of Cheltenham, but also in the

greater number of the salt-springs of Great Britain.

The previous observations in this chapter have shown, that the great subterranean

storehouse of the rock salt and brine springs of England, is the red marl or upper member
of the New Red Sandstone 1

, which is immediately subjacent to the Lias. (See Map. PI. 29.

fig. 1.) Accordingly we find that sea salt is present in still larger quantities in those

wells which occur near the western edge of the formation, where the Lias forms only a

thin covering above the red marls. At the new spa near Tewkesbury, the water, though

very slightly saline near the surface, was found to be much more impregnated with salt as

the sinking was carried downwards; and I have no doubt that similar results would follow,

by deepening any of the mineral sources which are so numerous in the Vale of Gloucester,

those of Walton, the bottom of Church Down Hill, &c, for instance. Even at Chel-

tenham, when experimental borings were made to the depth of two hundred and sixty

feet below the surface, the water of the lowest stratum of marl or clay was found to be

much more highly charged with the common sea salt, and to contain less of the sul-

phates, than the existing wells, none of which have been sunk to a greater depth than

one hundred and thirty feet.

These facts can be only accounted for under the supposition, that the source of the

saline ingredients of those waters is the Saliferous Red Marl or Keuper, the uppermost

strata of which must, from their known inclination, lie at depths of several hundred

feet below the town of Cheltenham. (See PI. 29. fig. 1.) If this be the case, and salt

water is continually flowing upon the inclined surfaces of these beds, we can readily

explain why it occasionally rises to the surface; for being collected in the New Red
System at higher levels than the surface of the Vale of Gloucester, it would naturally

ascend to the original level by any cracks or openings which might present themselves

in the overlying Lias
2

.

The salt water having thus to rise through various strata of lias shale, loaded with

sulphuretof iron, it is to be presumed, that during this passage certain chemical changes

take place, which give to the waters their most valuable medicinal qualities. The most
important process in this moist subterranean laboratory, is probably the decomposition

of the sulphuret of iron, which supplies a large quantity of sulphate of the oxide of iron,

an elaboration which must be highly accelerated by the structure of the incoherent and
finely laminated beds, through which the pyrites is so widely disseminated. The sul-

phuric acid, thus generated, will necessarily react on the different bases, such as mag-
nesia and lime, which it may meet with in the strata, and form those sulphates so pre-

1 See the memoir of Dr. Holland, Geol. Trans., vol. i. p. 38, and that of Mr. L; Horner, vol. vi. p. 95, Old
Series ; also the recent work of Dr. Hastings of Worcester. (See p. 32.)

2 The borings for mineral water at Cheltenham are, truly speaking, Artesian wells, and ought at once to

explain to the inhabitants of the Vale of Gloucester, that no pure water can be obtained by sinking through the

Lias in the vicinity of the mineral springs.
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valent in the higher or pyritous beds of the Lias, the oxide of iron being at the same

time more or less completely separated. By such means, it is presumed, these mineral

waters, which are simply brine springs at great depth, acquire additional and valuable

properties in their ascent. In suggesting this explanation, we must not, however,

overlook the fact, that fresh water is perpetually falling from the atmosphere upon the

surface of the Lias clay, and, more or less, percolating its uppermost strata. Many of

the saline springs must therefore be affected by this cause, and the existing condition

of the various wells in the Vale of Gloucester, may ultimately depend upon three

causes :

—

1 . The supply of salt water from the marls of the New Red System, in the manner

above described

;

2. The chemical action produced during the filtration of the salt water as it rises

through the various strata of the Lias
;

3. The supply of fresh water from the atmosphere.

The chemical relations, and medicinal virtues of these waters, have been well described

in other treatises, and they are only mentioned in this place to convey a clear notion of

their origin, and their dependence upon the geological structure of the district.

This reasoning respecting the origin of the Gloucestershire mineral waters may be

applied to all the mineral springs which rise through the Lias of the Vales of Worcester

and Warwick.

2. Sandstone and Quartzose Conglomerates.

Foreign Synonyms.—" Bunter Sandstein " (Ger.), " Gres bigarre " (Fr.)

The great arenaceous formation of red and variegated sandstones, constituting the

Bunter Sandstein or Gres bigarre of continental geologists, is very largely developed in

England, particularly in the counties of Salop, Stafford, and Worcester. In Germany,

Poland, and the eastern parts of France, this formation is distinctly separated from the

Keuper (our saliferous marls and sandstone), by the " Muschelkalk" or shelly limestone.

(See note, p. 30.) In England we have not yet succeeded in recognising the equi-

valent of this limestone, and hence we have always wanted a clear line of separation

between the formation described in the last chapter, and that which we are now to con-

sider. When, however, we look to the vast development of the saliferous marls of our

island the maximum thickness of which, including subordinate courses of sandstone,

amounts to six or seven hundred feet, we should naturally be disposed to think that

these comprise the whole German formation called the 4 'Keuper," and that the true

equivalent of the Muschelkalk would be found rising from beneath these red and green

marls, and surmounting the sandstones and conglomerates which constitute the central

or chief masses of our New Red Sandstone. Now although I cannot yet completely

obviate the difficulty arising from the absence of the Muschelkalk, I may observe that
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there exists a subcalcareous course in Shropshire, which appears to occupy the place
of that formation. This course is exposed on the northern slopes of the Hawkstone
and Clive Hills, particularly at Broughton, seven miles north of Shrewsbury, where its

geological position is well denned ; for it has previously been shown, that there, the

Saliferous Marls or Keuper passing beneath the Lias, rise up to the south-south-east,

and overlie the massive sandstones of the Hawkstone Hills. The calcareous band at

Broughton dips under the saliferous marls, and distinctly rests upon the solid sandstones

of Clive, Grinshill, and Hawkstone ; and hence it seems to occupy precisely the position,

which would be naturally assigned to the German Muschelkalk. (The position is ex-

plained in this wood-cut.)

N 'N -W
- S.S.E. 7.

Bilmarsh. Broughton. Clive. Grinshill.

a. Saliferous Marls and Sandstone. b. Calcareous flags = Muschelkalk.

c. New Red Sandstone = Bunter Sandstein. c*. White Sandstone of Grinshill included in the Red Sandstone.

The beds at Broughton are so calcareous, that they have recently been tried for

lime-burning, but they proved too earthy and sandy for that purpose. They are so

thin bedded as almost to constitute a flagstone, a structure never discernible in the

upper or central members of the New Red System, though it will hereafter appear, that

this structure occurs in some beds of the Lower New Red Sandstone, and is common to

many strata of the Old Red System. The upper beds at Broughton are red, marly,

sandstone flags, passing down into hard, grey, fine-grained, calcareous grit, with rough

uneven surfaces, breaking into flags three or four feet square, and used as wall-stones.

On exposure, these flags weather to a dirty yellowish colour, and they then very much

resemble certain sandy and rubbly beds of the Muschelkalk. At the depth of a few

feet they are underlaid by beds of yellowish sandstone, containing hard, round, concre-

tions of calcareous spar, and of sub-crystalline sandy limestone. In some instances, the

lime is so much disseminated through the mass, as to give to the fresh fractured surface

of the stone a " chatoyant " lustre, and this appearance doubtless led to the construction

of limekilns at this spot, for the rock in question is entitled to the name of bastard

limestone. This rock also contains nests of calcareous spar, crystals of grey carbonate

of copper, and sulphuret of iron, with occasionally small grains of black oxide of man-

ganese diffused.

Fully aware of the importance attached to the geological position of these calcareous

courses, I have twice visited the Broughton quarries, in the hope of detecting some

organic remains peculiar to the Muschelkalk, but without success. Still, however, I am

of opinion, that, from their stratigraphical position, these calcareous beds of Broughton

may prove to be the representatives of the Muschelkalk; and I trust that the day is not
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distant, when further excavations along the northern slopes of the Clive and Hawkstone

Hills, may lead to the discovery of the zoological evidences required
1

.

Near Marchamley, the eastern end of the Hawkstone Hills, a natural section is seen

in the following descending order, proceeding from north to south.

1. Beds of flaglike, deep red, sandy marlstone, the uppermost passing under red and green

saliferous marls, with some laminae of greenish grey marl.

2. Thick-bedded dark red sandstone, weathering to a small cavernous or honeycomb surface, and

resting on red and green marl. The strata 1. and 2. may perhaps be classed with the

Keuper, or rather as the beds of passage from that formation to the great mass of New Red

Sandstone. The calcareous course, however, is not so distinctly exhibited as at Broughton.

3. Hard, red sandstone, slightly calcareous and in parts cellular. On their extension to the west,

these bands become of a yellowish grey colour, including veins of chalcedony, with nests of

crystallized carbonate of lime, blue carbonate of copper, and black oxide of manganese dis-

seminated both in particles and in small veins.

4. Thick masses of whitish soft sandstone without distinct lines of bedding.

5. Red sandstone appearing below the white sandstone.

These beds form a part of the Hawkstone Ridge and terrace so justly admired, hut

other parts of the same escarpment present different characters, and the alternations

above described, give way to large continuous masses of whitish yellow, thick-bedded,

earthy sandstone, forming picturesque cliffs of rounded forms, from eighty to one

hundred feet high. This sandstone is composed of semi-transparent grains of quartz,

very minute, apparently rounded, with a small proportion of grey cement, chiefly argil-

laceous, and it occasionally contains " concretions about the size of a pea, of lamellar,

white and flesh-coloured sulphate of barytes
2." It presents few clear lines of deposit,

and is marked by many transverse fissures and seams of false bedding, features charac-

teristic of all the sandy rocks of this system. The whole of the sandstone strata in the

Hawkstone range, including the Clive and Harmour Hills, dip at a small angle to the

north-north-west, partially surmounted, as before stated, by calcareous courses, which

are supposed to represent the Muschelkalk, and passing beneath the saliferous marls

which support the Lias. (P1.2(J. fig. £.) In this country, therefore, having a clear line

of demarcation for the top of the system, we know that the Hawkstone rocks constitute

an integral portion of the great central mass of New Red Sandstone. The surface of

the sandstone near the Hermitage, is occasionally of a bright green colour, which is

sometimes due to green carbonate of copper, disseminated through the rock, as seen on

the sides of the park ride leading to Marchamley, though some of the specimens owe

1 The most characteristic fossils of the Muschelkalk are Lima striata and L. lineata, Schlotheim ; Pecten lavi-

gatus and P. discites, Schloth. ; Avicula socialis and A. Bronnii (Mytilus socialis, fyc, of Schlotheim) ; with

the well-known and beautiful Lily encrinite, Encrinites liliiformis, and Ammonites nodosus. Some of the fos-

sils of the Muschelkalk pass up into lower beds of the Keuper. (See note p. 30.)

* Aikin, MSS.
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their superficial green colour to the presence of a lichen. The existence of copper ore

in rocks of the same age is well known in Cheshire, both in the Peckforton Hills and

in Alderley Edge. Since I last visited Shropshire, copper ore has likewise been found,

and works have been opened in the New Red Sandstone near Pradoe, on the property

of the Hon. Thomas Kenyon. Specimens of the rock sent to me by Colonel Wingfield,

indicate the dissemination of the green carbonate, in minute quantities through the

mass of sandstone. At the Peckforton Hills I examined the trial shafts of the old mine

in company with the proprietor, Sir Philip Egerton, Bart., and there the ore unques-

tionably lies in veins and lumps, where the sandstone is dislocated and fissured. Further

allusion, however, will be made to this subject and to the mineralized character of these

sandstones, after the description of certain trap dykes which penetrate the New Red

Sandstone of Shropshire.

Mr. A. Aikin, with his usual mineralogical precision, had remarked, more than twenty

years ago, that the rocks of Hawkstone were analogous to those of Alderley Edge, in

containing traces of copper ore, ferruginous oxide of cobalt, together with concretions

and veins of sulphate of barytes. These minerals were at that day held to be eminently

characteristic of the Old Red Sandstone, having been cited by Werner as occurring

abundantly in the older Red Sandstones of Germany; but we now know that these

older German Sandstones (the rothe todte liegende) , are not of greater antiquity than

those which form the lower part of the New Red System.

At Clive Hill, the highest part of the Broughton ridge before mentioned, and rising

from beneath the calcareous courses supposed to represent the Muschelkalk, Mr. Arthur

Aikin first observed "round concretions of fine sand, firmer than the surrounding

matrix and much heavier, consisting of quartzy sand, cemented by sulphate of barytes,

their size varying from the bulk of an apple to that of a pea. These concretions, being

harder and less easily decomposable than the rest of the rock, project from its weathered

surface and often become quite loose in the incoherent sand to which the rock is re-

duced 1 ." Dark-coloured quartzose conglomerates rise from beneath these sandstones

in the hills at Hodnet; and if we continue the section in direct descending order, from the

escarpment at Hawkstone on the north, to the plains of Shrewsbury on the south, we
pass through other and older strata of this group of the formation, composed of red

sandstones, and much stiff red marl or clay. (See section, PL 29. fig. 3.)

The Clive and Grinshill Hills are the south-western prolongations of the Hawk-
stone sandstones. The cliff at Grinshill exhibits the peculiar feature of a face of sixty-

five to eighty feet, of a fine-grained, whitish sandstone, included between two masses of

a red colour, the overlying stratum being a rubbly, thin-bedded red rock called "Fee;"

the underlying mass, a deep-coloured red sandstone, which has been bored through in

search of water to the depth of upwards of two hundred and twenty feet, without afford-

ing any sensible difference in its composition. The red cap, or " Fee," is mere refuse

or marly sandstone, and the red sandstone at the base of the hill is simply a soft thick-

i MSS. of Mr. Aikin.

E 2
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bedded red stone, ^indistinguishable from the rock in many other parts of its range.

But the included mass of light-coloured free-stone is well worthy of description, being

perhaps the finest example in England of so deep a section of stone of this quality, in

the New Red System 1

. Some of the beds are quite equal in value to any free-stone of

the coal-measures, from which they differ in being entirely free from stains of carbo-

naceous matter, and here and there slightly variegated by streaks of a delicate pink hue

:

others have also occasionally a yellow tinge due to the decomposition of iron pyrites.

The stone is for the most part rather heavier than other free-stones, in consequence, as

suggested by Mr. A. Aikin, of the grains of grey sand being contained in a cement

composed chiefly of heavy spar (sulphate of barytes)
2

. The beds vary in thickness from

two to eleven feet, and are generally so closely fitted to each other that there is only

one very thin parting of clay from the top to the bottom of this fine face of rock 3
.

The subjoined section affords the details. The strata dip about 6° north-north-west,

by which inclination they pass distinctly beneath the calcareous bands of Broughton.

Section of Grinshill Stone Quarries.

ft. in.

Fee, pronounced "Fay," a red rubbly thin-bedded rock, with some marl 13 0

Flag-rock, yellowish and light brown colour, in thin beds, the thickest being fourteen

inches; used for nagging, chimney-pieces, monuments, and other interior work .... 19 0

Sand bed nine inches deep, called JEsh 0 9

Hard Burr (compact rag) 2 6

Coarse Freestone, rather mottled, of yellow, and reddish colours ; used for bridge-building,

finer walls, &c, Best building-stone 9 6

Grey Freestone 7 6

Good light yellow Freestone, much preferred from its colour, underlaid by a thin seam of

clay, the only wayboard in the quarry 11 0

Good white Freestone 210
Strong white Freestone ; white with minute yellow grains 8 0

Sandy and bad Freestone 2 0

Bad Stone ; sometimes used for walls, bridges, &c 9 0

Soft yellow Sandstone, grains of sand cemented by a small quantity of decomposed felspar. 4 6

Sandstone of deep red colour in massive beds sunk through in search of water 222 0

Total feet 311 7

1 Quarries of light-coloured sandstone sometimes of a delicate yellow colour, at others inclining to an olive

tinge, and like the rock at Grinshill subordinate to the New Red Sandstone, occur at Runcorn, Cheshire, and at

Warwick.

* Aikin, MSS., note.

3 All the modern edifices in and around Shrewsbury are built of this durable light-coloured sandstone, the

finest beds of which are so susceptible of being worked for the highest ornamental purposes, that the column

and statue of General Lord Hill are both formed of them. The pillars in the colonnade of Onslow House, the

residence of Colonel Wingfield, offer a beautiful example of the slightly tinged pink variety.
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Water is scarce along the edge of the escarpment, which has occasioned sinkings to

be made at Grinshill in the red sandstone to the depth, as already stated, of 222 feet

below the base of the quarry, when the borings were still in that rock. Mr. Aikin,

however, well observes, " a circumstance remarkably characteristic of this kind of sand-

stone, is the great number of meres, or deep pools, which it contains. The outline of

all these pools more or less approaches to circular
;
they receive no streams, and very

often do not transmit any, the loss by percolation and evaporation being nearly sup-

plied by the springs that occupy the middle and deepest part of their bottoms ; I say

nearly, because all that I have examined bear evident marks of gradual diminution : in

many, this change has advanced so far as to convert the whole area, with the exception

of a deep pit or two near the centre, into a peat moss, and some of the smaller and

shallower ones are not only entirely filled up, but are even applied to the purposes of agri-

culture." (Geol. Trans. Old Series, vol. 1 . p. 1 93. l
) The Grinshill and Hawkstone range of

sandstone is much denuded to the east and south-east, sinking gradually into the plain

towards Newport, but it maintains an elevated outline to the west-south-west, and can

also be followed, at intervals, to the east-north-east by Market Drayton into the high

district of Ashley Heath, 803 feet above the sea. (See Map.) To the west-south-west

it occupies Harmer Hill, Pirn Hill, and the bold rocks at Ness Cliff, from one hundred

to one hundred and fifty feet high. It is there, for the most part, a thick-bedded, deep

red and yellowish, loosely cohering, quartzose sandstone, composed of minute rounded

grains of quartz, of yellowish or brownish colour, with here and there a scale of mica,

cemented together by a small portion of red clay. Veins of small dimensions, com-

posed of quartz, cemented by a chalcedonic paste, not unfrequently traverse the beds,

projecting on the surface of the friable sandstone. Further particulars respecting these

veins and the derangement of the strata, will be pointed out in a subsequent chapter,

after describing the trap dykes of Acton Reynolds.

Beds of sandstone of this age are only to be seen at rare intervals in the great plain

of Shrewsbury, the surface being loaded with immense accumulations of gravel, clay,

sand and boulders. Such sandstones, however, occupy the northern and north-eastern

portion of that plain, and are separated from the coal-fields by bands of dolomitic

conglomerate and lower red sandstone. By pursuing a transverse section from the

Lias of Prees, through the underlying red marls and sandstone of the Hawkstone and

Grinshill Hills, and thence to the edges of the Shrewsbury coal-field, (see PL 29, fig. 3.)

we best see the great expansion of the New Red System in Shropshire. The country

between the coal-fields of Coal Brook Dale and Staffordshire, of which Shifnal is the

centre, is also occupied by deep red thick-bedded sandstones, lying in a trough. (See

Section, PI. 29, fig. 13.) These central rocks of the system, further extend over all

the wide tract between Stourbridge and Kidderminster, constituting for the most part

a rye-land district. The blood-red soft sandstone of the latter town is a good type of

1 These meres are supported by thin courses of marl, or superficial detritus.
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them, being nearly free from mica, with occcasional partings of brown slightly mica-

ceous marl. Some of the lamina? are filled with very minute grains of coal derived

from the adjacent fields, the whole reposing on the calcareous conglomerates of Horsley

Bank, which belong to a subjacent part of the system. (See PI. 30. fig. 8.)

In Worcestershire, as in Shropshire and Cheshire, the Saliferous Marls underlie the

Lias, and pass downwards into larger masses of sandstone which rise at a very gentle

inclination into hills west of Droitwich, and extend to Ombersley and Hartlebury, where

the rock is a finely grained, argillaceous sandstone, slightly calcareous in parts, of a dull

red colour, with, occasionally, spots of green, blue and white. The sandstone in the

adjacent parts of this district (Bromsgrove, &c.) agrees so closely, that it is unnecessary

to repeat the description of it at other localities in Worcestershire. Besides, the tract,

is for the most part so much covered with gravel, as to render it difficult to assign

precise geographical boundaries to this subdivision.

In the tract between Kidderminster and the Clent Hills, in the hills surrounding the

Dudley coal-field, and again in the district ranging far to the north in Staffordshire,

the central sandstones contain beds of conglomerate, chiefly filled with rounded pebbles

of quartz rock \ The pebbles vary in dimensions from the size of a child's head to

that of an almond, consisting chiefly of white and pink quartz, with others of Silurian

rocks and Old Red Sandstone ; the whole subordinate to, and inosculating with thick

beds of deep Red Sandstone. The quartzose conglomerates occupy a great number of

hills, the surfaces of which are usually much disintegrated, and hence they have

afforded much of that detritus which has been spread over so large a part of the low

country of Worcestershire and around the Clent and Lickey Hills. (See the conclud-

ding chapter on Gravel.) Numberless sections, however, expose these rounded quartz

pebbles, imbedded in the Red Sandstone at different localities over an immense area,

extending by Wolverhampton to Cannock Chase, and spreading from Birmingham on

the east, to near Bridgenorth on the west, and thence into North Salop ; but detailed

sections of quarries, in which nearly all the materials are alike, whether near the Bar

Beacon, at Himley, Wolverhampton, or at Hodnet, would only fatigue the reader and

convey no real instruction. In some situations, the uniform character of these conglo-

merates is varied by the addition of a few pebbles and fragments of the Cambrian, Silu-

rian, and Carboniferous systems, including trap rocks. Instances of this sort occur

between Bridgenorth and Wolverhampton, but it is doubtful whether some of these

beds may not rather be classed in the inferior divisions of the New Red System.

There is a prodigious accumulation of quartz pebbles, resulting from decomposed New

Red Sandstone, at Wallsall, where they cover indiscriminately Silurian limestones, and

coal measures ;
indeed, in this and many other parts of the coal-field of Staffordshire,

i Good sections of these beds are exposed on the sides of the road from Stourbridge to Kidderminster. In

some of the red sandstones near the Lickey, grains of black oxide of manganese are disseminated, as in the

sandstones of Shropshire, (p. 38.)

:
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it is often difficult to determine, whether the New Red Sandstone is there in situ, or

whether the surface is merely covered by its disintegrated materials. (See Section,

PL 37. fig. 3.)

Animal organic remains have not yet been recognised in this division of the New
Red System in Great Britain, but in a rock of the same age at Rhone Hill near Dun-

gannon in Ireland, a profusion of small fishes (Palceoniscus catopterus
1

of Agassiz)

were recently discovered.

Although I have little doubt that future researches will bring to light fossil vegetables

from the central masses of our New Red System, I am as yet acquainted with one plant

only, found in strata of this age at Liverpool, a specimen of which is in the Museum of

the Literary and Scientific Institution of that town, and was, at my request, recently

submitted to the inspection of Professor Lindley, who has figured it in the Fossil Flora,

vol. iii. t. 201. naming it DictyophyHum crassinervium. The accompanying wood-cut is

taken from the drawing prepared under Mr. Lindley 's direction, and he thus describes

the fragment.

8.

SE The specimen is that of a leaf of considerable size, of which only a portion of the

upper end remains, the end itselfand all the margin being broken off. It bears a striking

resemblance to the leaf of some of the thick-ribbed cabbages, consisting of several

elevated ribs, full three quarters of an inch wide, which spring at an acute angle from

a midrib of about the same thickness, and divide towards the point into two or three

1 Geol. Proc, 1834-5, vol. ii. p. 206. The fish quarries of Rhone Hill were visited by Professor Sedgwick

and myself, accompanied by Mr. Griffith, Lord Cole, and Colonel Montgomery.
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branches, besides in one place putting out lateral ribs near the base. Intermediate to

the principal ribs are, in one place transverse connecting elevations, which we may
suppose to have been secondary veins ; and in another place a small vein with lateral

veinlets. In the whole specimen there is a good deal of irregularity of arrangement in

the parts, and a greater want of symmetry than is usual in leaves."

Although the Upper Formations of the New Red System in England afford few traces

of fossil plants and animal remains, the strata of the same age in France and Germany

contain a flora and fauna of peculiar character. Many of the plants are already figured

by M. Adolphe Brongniart, in his great work on fossil botany, " Histoire des Vegetaux

Fossiles." The Keuper, for example, presents several species of Equisetacece of the

genera Catamites and Equisetum, and a fern of the genus Pecopteris.

The Muschelkalk contains a species of fern, Neuropteris, and Mantellia, one of the

Cycadese.

In the Gres bigarre the following plants occur. Equisetacece : Equiseti and Ca-

tamites. Filices : Anomopteris, Neuropteris, Sphenopteris, and Fiticites. Conifers :

several species of that remarkable genus Voltzia, named after the geologist whose la-

bours have thrown so much light on the structure of Alsace
1

. Liliace^e : Convalli-

Htes, JEthophyttum, Pat&oxyris, Echinostachys. On the whole, these plants have a

certain community of character peculiar to the deposits of this age, and are very

distinct from the vegetables of the overlying or underlying systems.

One plant only of the Keuper, Equisetum columnare, is found in the lower part of the

Oolitic System ; whilst two species, Catamites arenaceus and C. Mougeottii, are common

to the Keuper and the Gres bigarre.

Some of the animal remains of the Keuper have already been mentioned (note, p. 30.

&c). In the Gres bigarre, besides the saurians, to which I have alluded, there are

univalve and bivalve shells, some of which are well-known fossils of the Muschelkalk.

In a masterly sketch of the red sandstone group of the Vosges and adjacent parts of

France 2
, M. Elie de Beaumont has shown that the upper marls (Marnes irisees), which

he places in parallel with our English red marl, are the true representatives of the

Keuper ; and the identity between these marls of Lorraine and the Keuper of Swabia

has lately been completely established by M. Levallois
3

, who coincides with De Beau-

mont and Voltz in considering the whole formation to be composed of saliferous and

gypseous marls, with occasional traces of coal and thin subordinate courses of sandstone

and limestone. Thus the Keuper of Lorraine and Swabia only differs from our red

marl in containing traces of coal and limestone, with bands of sandstone of greater thick-

ness than any known in the English formation. In these regions, however, there is no

ambiguity, since the Keuper is surmounted by the Lias, and is invariably separated

1 Geognosie de l'Alsace. Strasbourg, 1827.

2 Memoires pour servir a une Description geologique de la France, tome i. p. 1.

3 Mem. de la Soc. Geol. de France, tome ii. p. 1.
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from the Gres bigarre by the Muschelkalk ; but in the central and south-western parts

of France, as the researches of M. Dufrenoy 1

acquaint us, the upper marls and under-

lying sandstones are brought together, precisely in the same manner as in England,

the Muschelkalk or subdividing limestone having thinned out.

Judging from these comparisons of foreign types, I have no doubt that our saliferous

marls in England, with their subordinate courses of sandstone, represent the Keuper

and Marnes irisees ; and whether or not the calcareous course of Broughton in Shrop-

shire be ultimately referred to the Muschelkalk, still it appears certain, that all the

massive sandstones underlying the marls, as described in this chapter, are the true

representatives of the Bunter Sandstein or Gres bigarre ; for independent of clear

stratigraphical position, the great thickness and indivisibility of these sandstones

seem to me distinctly to authorize this conclusion.

1 Mem. pour servir, &c. tome i. p. 313.



CHAPTER IV

NEW RED SYSTEM.

(continued.)

3. Calcareous Conglomerate.—4. Lower New Red Sandstone.

3. Calcareous Conglomerate.—Equivalents in England : Dolomitic Conglomerate,

Magnesian Limestone.—Foreign Equivalent : Zechstein.

The rocks forming the third division of the New Red System in the central counties,

must, from their position, be considered of the same age as the Magnesian Limestone

of the North-east, and the Dolomitic Conglomerate of the South-west of England, {d. of

wood-cut 5, p. 28.) They do not, however, contain solid beds of magnesian limestone,

and very seldom so much magnesia as to entitle them to the name of dolomitic conglo-

merate ; but are, for the most part, simply calcareous conglomerates, consisting of frag-

ments of quartzy, Silurian, and other rocks, as well as of carboniferous and other lime-

stones, enveloped in a calcareous matrix.

In the Tortworth district, at the northern extremity of the Bristol coal-field, the true

dolomitic conglomerate is considerably developed, and has been fully described by

several geologists
1

. In the North of Gloucestershire and South of Worcester, where the

the New Red Sandstone is conterminous with the Old Red, there are no distinct traces

of this member of the series, unless we suppose that the few thin courses of slightly

calcareous conglomerate, which occur, at intervals, near the bottom of the sandy series,

be its representative. (See p. 51.)

In the great expansion, however, of the New Red System in the North of Worces-

tershire, in Staffordshire, and Shropshire, there are calcareous conglomerates of con-

siderable thickness, which, as they pass beneath the great masses of Red Sandstone

already described, there can be no hesitation in referring also to the age of the Mag-

nesian Limestone. They occur in great force in the north-eastern face of the Lickey

1 See the memoirs of Mr. Horner, Dr. Bright, Mr. Warburton, Messrs. Buckland and Conybeare, and

Mr. Weaver ; Geol. Trans., vol. iii. and iv. Old Series, and vol. i. New Series. This dolomitic conglomerate

is also described in this work in the chapter on Tortworth, and the position is marked near the south-eastern

extremity of the accompanying map.
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and Clent Hills, and appear also on the northern end of the Lickey ridge of quartz rock,

whence they range by St. Kenelms to Hagley. In this course they distinctly overlie

a great formation hereafter to be described as the Lower New Red Sandstone, and rise

high on the sides of the trap rocks of the Clent Hills. They here vary much in im-

portance, particularly near St. Kenelms and Hagley (see Map) , some masses having a

thickness of fifty and sixty feet, others of not more than six or eight. At Gannow
Green, near St. Kenelms, there are extensive lime-works in this rock, an account of

which may suffice for those at other localities.

The beds dip very slightly to the south, and are separated from each other by sandy

marls and clay. The greater part of this rock is made up of angular fragments of a

pre-existing, very compact limestone, which, from the corals and other fossils found in it,

proves to be the carboniferous limestone. In some parts of the quarries the rock consists

of concretions of marl and fragments of sandstone and grits with coal plants, imbedded

in a pink calcareous grit ; but in others, of small pebbles of quartz and still older rocks,

enveloped in a red, ferruginous, earthy basis, penetrated in all directions by white,

crystallized carbonate of lime. The matrix and cement are throughout very calcareous,

and the colour of the rock varies with that of the ingredients, from a reddish tinge, to

shades of yellow and white. This conglomerate follows all the sinuosities and pro-

montories of the Clent Hills, as is well seen between the hills of Romsley and Walton,

where, associated with the Red Sandstone, it enters into a deep recess. It also folds

round Hagley Park (near the parsonage), accommodating its outline to the form of the

hills, where it has been described by the Rev. J. Yates as a calcareous breccia, consist-

ing of grains of quartz, decomposing felspar, and limestone 1

. Transverse sections, from
north to south across the strata, are exhibited on the sides of the roads which ascend

to the Clent Hills by St. Kenelms, or by Hunnington (see PI. 29. fig. 10.), and expose

several lower calcareous courses, separated by argillaceous red marls and sandstone.

Calcareous bands prevail so much in this district, re-occurring at intervals in the escarp-

ments through a thickness of many hundred feet, that if they were all included in this

division it would be impracticable to define with precision their limits, since they gra-

duate into, and form a part of the Lower Red Sandstone, which in its turn overlies and
passes into the coal measures. (Quarry Hill, Hales Owen, Colmer's Hill, Hodge Hill,

see PI. 29. fig. 10.) It will indeed be shown in the sequel, that other calcareous bands,

for the most part, however, of true concretionary structure, are even traceable down
into the coal measures • and for this reason I restrict the comparison with the Magnesian

Limestone or Bolomitic Conglomerate, to the mass of this rock which immediately lies

beneath the central sandstones (Bunter Sandstein, or Gres bigarre.)

Calcareous conglomerates are to be seen at many points round the outline of the

Dudley and Wolverhampton coal-fields, generally at some little distance from the edge of

1 Geol. Trans, vol. ii. p. 250.

F 2
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the coal-bearing strata, and always dipping away from or overlying them ; Brand Hall on

the east, and Himley and Tettenhall on the west, may be cited as localities. To the

north of Kidderminster the bold escarpments of the New Red System, contain calca-

reous conglomerates which are burnt for lime at several places, between Enville on the

south and Coton on the north. At Coton and at Bowells, the rock is from twenty to

thirty feet thick, and is composed of the following varieties :

(a.) Coarse Conglomerate, composed chiefly of fragments of carboniferous limestone, generally

rounded and red on their exterior. Some of them are of an oolitic structure ; others of a compact

limestone, containing encrinites, corals, and terebratulse, and discoloured partially by films of green

carbonate of copper, (b.) Conglomerate, with fewer fragments of limestone but pebbles of quartz,

Old Red Sandstone, &c. ; the whole cemented by pure white, crystallized carbonate of lime. This

conglomerate passes into a pink calcareous sandstone with pebbles and minute fragments of jasper.

In attempting to refer the fragments of limestone to the original rock, the oolitic structure

distinctly proves, that some of them have not been derived from any formation below the Old Red

Sandstone, in none of which has such a structure ever been observed, whilst the nearest known

masses of a similar rock, are in the carboniferous limestone of the Clee Hills, twenty miles distant.

The included fossils belong likewise to the same deposit. The rolled condition of the fragments

also accords well with the belief of their having been drifted from the Clee Hills.

Calcareous conglomerates, inclosing pebbles of felspathic trap rock, form the cap of the hills on

the left bank of the Severn opposite Bridgnorth, and they are found in the continuation of this ridge

in Apley Terrace. At the north-eastern extremity of the Coalbrook Dale coal-fields, similar rocks

occupying precisely the same geological position, are found in Nedge Hill ; and again, to the east

of Lilleshall Abbey, where the new mansion of the Duke of Sutherland is actually built upon them.

At this point the underlying strata consist of the Lower Red Sandstone, the overlying of the ordi-

nary red sandstone described in the last chapter. (See PI. 29. fig. 15.) The conglomerate in this

neighbourhood is not sufficiently calcareous to be burnt for lime, being chiefly composed of rounded

pebbles of sandstone and quartz with some fragments of carboniferous limestone in a base of quart-

zose and calcareous sand 1
. Here, as in other localities before mentioned, the strata dip away from

the adjacent coal-field, from which, as we shall afterwards perceive, they are separated by a great

fault. (See PI. 29. fig. 15.) The extensive denudation of the whole series of the New Red System

between Newport and Shrewsbury, has obliterated all traces of these calcareous conglomerates,

and they are not met with again till we reach the banks of the Meole Brook, about two and a half

miles south of Shrewsbury, where a small face of the rock can be seen which was formerly quarried

to burn into lime, but it is rapidly lost, dipping at about 30° under the overlying Red Sandstone.

To the south and west of this spot, the relations of the various members of the New Red System

which overlie the coal-bearing strata of Pontesbury, &c, are much obscured by a thick cover of

coarse gravel and clay ; but at Cardeston the calcareous conglomerate again rises to the surface.

From Cardeston to Alberbury the rock is displayed for nearly two miles, constituting

a low ridge, which presents its escarpment to the carboniferous tracts of Wolliston, &c,

whilst the upper surface dips away to the north and east, and passes beneath the

1 The hardness of the rock is such that the workmen call it the " Devil's haster."
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Red Sandstone north of the Severn, Ness Cliff, &c., (see section PL 29. fig. 9.
1

). The

central or most calcareous part of this ridge, has been quarried through a thickness of

about thirty feet, the beds dipping at an angle of 15°. The strata consist of angular

fragments of compact, cream-coloured limestone (the "kernels" of the workmen) in a

reddish, sandy, calcareous matrix, in which small cavities occasionally occur, lined

with crystals of dolomite. Limestone containing magnesia, is abundant in some

beds of the mountain or carboniferous limestone at Llanymynech and Porth-y-wain,

distant only a few miles, and that rock being of older date, may have supplied many

of the inclosed materials, and much of the cement of this conglomerate. Some frag-

ments of limestone, occasionally as large as a man's head, and forming a part of the

conglomerate, have, however, been derived from the breaking up of a peculiar fresh-

water limestone which is intercalated between the seams of coal in the adjacent carbo-

niferous tracts of Coedway, Pontesbury, &c. (See Chapter 5.) Besides the calcareous

fragments, there are small, rounded pebbles of white quartz and other ancient rocks.

These additional materials become more abundant as the ridge sweeps round to Loton

Park, and they are well exposed in a section on the high road from Shrewsbury to

Llanymynech, where the strata dip 8° to 10° to the east. The calcareous layers, though

here subordinate to sandstone, reappear at intervals through a thickness of at least

120 feet, and overlie the thick-bedded red sandstones which form the base of the

whole system. This section at Loton (PI. 29. fig. 9.) is therefore a clear and convincing

proof of the true position of the dolomitic conglomerate, since it is evidently separated

from the underlying coal of Coedway by the Lower Red Sandstone of Pecknell.

In the chief lime quarries of the Alberbury ridge, were formerly some slight mining

trials, occasioned by finding a few thin strings of copper ore. These strings were in

the vertical joints of the rock, ranging from south-south-west to north-north-east, or

nearly at right angles to the direction of the strata. The sides of these joints are

usually faced with upright bands of hard sandstone, termed " Burrs," which cut

through the strata and are enemies of the lime-burners.

Although it has been stated in the previous pages, that no remains of shells have yet

been detected in the overlying members of the New Red System of England, a consider-

able number of curious and unpublished species, have recently been discovered at Man-
chester, in beds of variegated marl 2

. These shelly marls are considered by Professor

Sedgwick to lie beneath the upper and central members of the New Red System; and

Professor Phillips, who has recently worked out in some detail the relations of the strata

in the environs of Manchester, is of the same opinion. In a letter to myself, he

1 This calcareous conglomerate of Alberbury has been fully described by Professor Sedgwick, and recognised

by him as the true equivalent of the magnesian limestone, and its relations to the lower red sandstone established.

Geol. Trans, vol. ii. p. 399.

2 Mr. Leigh and Mr. Binney of Manchester discovered these shells, as announced in a communication which

they forwarded through myself to the Geological Society.
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describes these shelly marls as lying between the formation No. 2. of the last chapter,

and the Lower Red Sandstone, and consisting of red-coloured marls, with thin-bedded,

yellow or reddish mottled limestone, both concretionary and granular. " I view them,"

he adds, " as attenuated and deteriorated magnesian limestone, the last term of the

degradation of this rock." From the observations, therefore, of Professors Sedgwick

and Phillips, there can be no doubt, that the Manchester shelly beds are of the same age

as the calcareous and dolomitic conglomerates of Salop, Worcester and Stafford, which

are the equivalents of the Magnesian Limestone.

These marls must be regarded with great interest, as links connecting those peculiar

types of the lower New Red Sandstone described in the concluding part of this chapter,

with strata of the same age in the North of England, which are known to geologists

through the labours of Professor Sedgwick. Among the shells from the marls at Col-

lyhurst, Professor Phillips recognises Axinus obscurus, M. C, or a large variety of that

species, as the most prevalent, associated with an Avicula, not very remote from A. socialis

of Schlotheim; and many small undescribed univalves. The same author holds out

the prospect of publishing a monograph of the fossils of the magnesian limestone,

including all the species in the Manchester marls.

Having now described the three upper divisions of the series in those districts, where

their characters and order of superposition are distinct, I might at once proceed to the

examination of the subjacent sandstones, where they are most expanded, as around the

coal-fields of the central counties. It is desirable, however, previously to invite atten-

tion, to the prevailing characters of the lower portions of the system, in Gloucestershire

and the West of Worcestershire, where the system being little developed, the whole of

its lower portion, consisting of conglomerates and sandstone, is so intimately connected,

that it can be considered only under one head.

Base of the New Red System in Gloucestershire and south-western parts of Worcestershire.

In Gloucestershire and the adjacent part of Worcestershire, the members which con-

stitute the bottom of the system, are sandstones and conglomerates of mixed characters,

sometimes slightly calcareous, at others quartzose, and occasionally containing great

abundance of pebbles and fragments of trap rock, intermixed with sedimentary rocks

of high antiquity. Such beds may represent either the central Sandstones and Quartzose

Conglomerate No. 2, or the Calcareous Conglomerate No. 3, or the Lower New Red

Sandstone No. 4.

This view is rendered probable, by the gradual expansion of the respective members of

these deposits in their range from south to north, until they attain that great development,

which constitutes the New Red System of the northern parts of Worcestershire, Stafford-

shire and Shropshire. Having personally traced the line of demarcation between these
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red formations and the older rocks on which they rest, from Chepstow to Denbighshire,

I commence by pointing out the manner in which, from small beginnings in the south,

their successive development is accomplished as we proceed northwards.

In the tract between Chepstow and May Hill, the whole of the space coloured on the map as be-

longing to the New Red System, is exclusively occupied by the upper red and green marls, (not

saliferous in that tract,) which are seen at many points in contact with Old Red Sandstone, and at

Flaxley with Silurian Rocks. (PI. 36. fig. 13.) At Huntley on the eastern side of May Hill, soft

red sandstones first appear, rising from beneath the marls and separating them from the Silurian

rocks ; and between that place and Newent, where the sandstone attains a considerable thickness,

there are traces of quartzose conglomerates occasionally cemented by calcareous matter. These re-

lations prevail for some miles to the north of Newent, the lower beds of the system overlying a thin

zone of coal measure ; but in approaching the Malvern Hills, the sandstones are much more ex-

panded, and the conglomerate near their base is of greater importance, and of different lithological

composition.

In the absence of natural sections, the presence of the sandstone above the conglomerate

(Gres bigarre), is clearly indicated by the "Rye Land" or sandy loams, which uniformly give a

dry agricultural character to the surface of all the tracts occupied by that member of the system.

Between Huntley and Lyne's Place are good sections of the sandstone, arranged in fine-grained,

friable, thickish beds, of deep red colours, and containing subordinate, irregular courses of a small

conglomerate, in which are fragments of the old red sandstone and inferior rocks. Some of these

conglomerates are slightly calcareous, others pass into mere grits, the whole resting upon and

thinning out, in light-coloured, incoherent sand. Low Hill, west of Lyne's Place, affords a clear

section of these beds dipping 25° to 30° to the east, a high degree of inclination for the New Red

Sandstone, though similar examples will be mentioned in following the lower beds of the system.

From May Hill to Haffield Camp, near Ledbury, these rocks, with the exception of the tract near

Newent, are in contact with the Old Red Sandstone; and the line of separation is defined by the

nature of the surface. In some spots near Newent, the demarcation is pointed out by actual sec-

tions, exhibiting thin patches of coal-measures, interpolated between the New and Old Red Sand-

stones. At Pitleases, Weatherlocks, and Oxenhall, the sandy rye lands rise into eminences based

upon red conglomerate and sandstone ; and at the escarpment is a thin profitless zone of coal,

resting upon the stiff clays of the Old Red System. In one instance, however, the new red conglo-

merate dipping 15° to the south-east, lies at once upon the edges of micaceous flagstones of the Old

Red, which are thrown up at an angle of 70°. (PI. 30. fig. 10.)

Clear junctions of the New and Old Red Systems are exhibited at Broom's Green and

at Haffield Camp. (PL 29. fig. I.
1

) At the latter place, the upper beds of the New Red

consist of soft, red sandstone, and the lower of brecciated conglomerate, of a deep red

colour, containing fragments of syenite, varieties of Silurian rocks, quartz rock, and

Old Red Sandstone. The syenite derived from the adjacent ridge of Malvern is in much

1 The section displaying these beds of new red conglomerate was laid open only two years ago at Haffield

Camp, the quarries being south of the high road from Gloucester to Ledbury. Some of the fragments oi

syenite are of the size of turkey eggs, varying from that to the size of almonds. The stone is extracted for

walling, and to use the expression of the workmen, " it hugs the mortar well."
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greater abundance than the other materials, and gives the mass a trappean character,

resembling that of the well-known Heavitree conglomerate near Exeter. The beds

dip south-south-east 18°, but the argillaceous and sandy strata of the Old Red System

on which they rest, are inclined in an opposite direction.

Deep red3 thick-bedded, soft sandstones occupy all the country about Redmarly-Dabitot, wrap-

ping round the southern edges of the Ledbury and Malvern Hills ; but there is, here and there
}

(Bromesbarrow) a trace of an underlying conglomerate. Towards the east, these red sandstones

pass beneath the red and green marls (Keuper) described in the preceding pages. The base of

the system is ill exhibited along the eastern flauks of the Malvern ridge, being deeply denuded,

and overspread by much detritus. It has been already stated that the marls of the formation are

here much developed ; they are indeed prolonged so far to the west that a small space alone is left

for the sandstones. This is well seen on the road from Tewkesbury to Ledbury. The red sandy

and conglomerated beds are, however, visible in one or two spots, at and near Great Malvern, on

the upper side of the main road, adhering to the steep slopes of the syenite. A farm-yard

north of the Foley Arms, has been excavated in the surrounding rock, which on one side of the

yard is a soft deep red sandstone, with a thin band or two of fine conglomerate 1

, the beds dipping

35° east-south-east ; on the southern side the section is less clear, owing to dislocated masses of

red and green marl, which are subordinate to the sandstone, but apparently the inclination is equally

high. The inference to be drawn from this high inclination of the beds of the New Red Sandstone,

at a height of four to five hundred feet above the plain, will be pointed out in the chapter upon the

Malvern Hills.

The foundations of many of the houses along the lower terraces of Great Malvern, are excavated

hi the deep-red sandstone which overlies the fine conglomerate ; but the succession of strata, in as-

cending order, cannot be accurately observed, owing to superficial detritus. Between Great Mal-

vern and Worcester the marly or upper division of the New Red System {Keuper) is much expanded,

occupying the Old Hills and Madresfield, and overlying the red sandstone we have been consider-

ing. To the west and north-west of Worcester these marls are much obscured by gravel, and

it is only near the base of the system that we can observe the true relations of the strata, which are

occasionally exposed, resting on the ridge of Silurian rocks which connects the Malvern with the

Abberley Hills.

The banks of the Leigh Brook where it issues from the Silurian ridge, north-east of Old Storridge

Hill, afford good natural sections of dark red, thick-bedded sandstone, and the sides of the deeply

channelled lane ascending towards Patches farm, expose beds of a brecciated conglomerate, dipping at

a high angle to the north-east. The chief ingredients of these beds are angular fragments of old

rocks, especially of the shelly Caradoc sandstone of the adjoining hill of Old Storridge. They

are occasionally imbedded in a red and green calcareous cement, and layers of red and green marl

sometimes occur, subordinate to the sandstone and conglomerate. The line of demarcation of the

New Red from this spot towards the north, follows the sinuosities of the Silurian ridge, but rises in

certain spots, as at Great Malvern, some hundred feet above the plains of Worcester. Between

Ravenshill Green andBate's Bush, is a light green, flaggy, micaceous marlstone, with a little gypsum

and in the high lands to the north, some of the beds of red and green marl, which overlie the zone

1 The fragments in this conglomerate vary from the size of walnuts to peas. They consist chiefly of ancient

depository rocks and Old Red Sandstone. Syenite is rare in it, and the fragments are small and angular.
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of sandstone are highly inclined. At Black's Well, near Knightwick, where the Silurian rocks

subside for a short interval, are extensive quarries of a lightish red sandstone, speckled with yellow

grains, and of a very superior quality. This thick-bedded, though finely laminated sandstone,

dips 18° south-east; the angle of inclination having decreased with the depression of the ridge

of older rocks against which it rests.

Almost adjoining the sandstone of Black's Well, and constituting the southern side

of the gorge at Knightsford Bridge, through which the Teme escapes from Herefordshire

into the plains of Worcestershire, is a remarkable cliff called " Rosemary Rock," the

summit of which is about three hundred and fifty feet above the sea. At this spot, the Old

Red and New Red Sandstones are again conterminous, being separated by only an alluvial

meadow. (See Section PI. 29. fig. 4.) The northern face of Rosemary Rock, is the finest

vertical section of the coarse conglomerate near the base of the new red, with which I am
acquainted. The fragments vary from a large size to that of almonds, and are both rounded

and angular ; the greater number and largest, consisting of a purple coloured, concre-

tionary trap, hereafter to be described, which occurs in the hills of Barrow, Woodbury,

and Abberley, the northern prolongation of the Malvern ridge. The other fragments are

chiefly referrible to the Silurian system, and among them are quartz rock, indurated

schist, and other altered rocks. The cement is partly calcareous, with a few veins of

white calcareous spar. On a hasty inspection, this rock and others resembling it along

this chain of hills, (as at Haffield Camp described p. 51,) might be mistaken for the

trap rocks, from which they have been partly derived, but the admixture of fragments

of stratified rocks of the Silurian and Old Red Systems, distinctly proves its regenerated

character. The summits of those hills lying to the north of the Teme, which are

marked in the map as trap, exhibit, on the contrary, no fragments except those of a

peculiar rock, predominant in this range and in the Clent Hills.

At Collins Green, conglomerates like those of Rosemary Rock, associated with beds of

deep red sandstone, rise to the same height as the ridge of Silurian rocks, from the flanks

of which they dip 20° to 25° south-east. In this conglomerate are also many portions of

silicified schist, quartz rock, and altered Silurian rock. The Silurian and trap rocks

subsiding to the west of Martley, the New Red Sandstone is again conterminous with

the Old, and with the depression of the older and intrusive rocks, we find a corresponding

absence of coarse conglomerate and trappean fragments ; the deep-coloured, thick-bedded

sandstone of Martley, being nearly free from all pebbles and foreign fragments. In the

north-western parts of Worcestershire, the New Red System begins to expand; and con-

glomerates, such as those described, are partially underlaid by soft red sandstone, both

on the eastern flanks of Walsgrove Hill near the Hundred House, and at the termination

of the Abberley Ridge (the Round Hills). Thence to the north, the boundary line of

the New Red Sandstone comes in contact with the stiff clays and flagstones of the Old

Red, but within two miles of Bewdley, it begins to flank the coal measures; and other

examples of the angular coarse trappean conglomerate or breccia occur, the fragments of

G
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trap having been derived, it is presumed, from Stagbury Hill. A similar rock is found

at Warshill on the left bank of the Severn, also rising up on the edge of the Lower New
Red where it is bounded by the Old Red Sandstone, the conglomerate being interposed

between the intrusive rock and the soft sandstone of Kidderminster 1

. The same conglo-

merates, subordinate to, and winding through masses of thick-bedded sandstone, are in-

structively displayed at Winterdine, near Bewdley ; and contain fragments of coal-measure

grits and concretionary trap, both ofwhich rocks being in situ adjacent to the conglomerate

are of angular forms, whilst the quartz and pebbles of older rocks, which have been trans-

ported from greater distances, are rounded. These strata are unconformable to the ad-

joining sandstone and grits of the coal measures, and pass beneath the red sandstone,

which forms the cliffs on the left bank of the Severn, and ranges to the town of Kidder-

minster. (PL 30. fig. 2.)

I have thus attempted to show, that to the south of Kidderminster and Bewdley the

lower limit of the New Red System is usually marked by certain conglomerates re-

sembling those of Devonshire, which I agree with Professor Sedgwick'' in considering

as distinct from the Lower New Red Sandstone or Rothe-todte-liegende. We may,

therefore, proceed to the consideration of the structure of these tracts where natural

sections exposing a full development of the lower members of the system, exhibit, be-

sides the calcareous and other conglomerates before described, the Lower New Red

Sandstone as a great and distinct subjacent formation of sandstone, marl, and shale,

with subordinate courses of impure concretionary limestone, the whole passing down

gradually into the carboniferous system.

4. Lower New Red Sandstone.—Foreign Synonyms: Rothe-todte-liegende (Ger.), Gres

des Vosges—couches inferieures ? (Fr.)

When fully developed, as in the tracts of Worcestershire, Staffordshire and Shropshire

where I shall now describe it, this formation differs essentially in lithological structure

from any rocks we have previously considered, (e. of wood-cut 5, p. 28.) As a mass it may
be said to consist of sandstones and grits, chiefly of a red colour, sometimes argillaceous,

very frequently calcareous, associated with deep brown red shales and marls, occasionally

spotted green. Grains of whitish, decomposed felspar, are frequent in a matrix of dull

1 The trap rocks of Stagbury and Warshill are similar to those of Abberley and the Clent Hills. (See

subsequent account of similar rocks in the coal-field of the forest of Wyre, chap. 9.)

2 See Professor Sedgwick's view of the Red Conglomerates of Devonshire, Geol. Trans, vol. iv. p. 383 et

seq. Since that memoir was printed, Professor Sedgwick and myself have visited Devonshire, and our opinions

are expressed in the concluding part of this chapter.
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red sandstone, iron in various states is here and there disseminated, and bands of impure

concretionary and mottled limestone re-occur at various levels. Towards the base, many
fragments of impressions of plants appear in beds of sandstone, which graduate into other

and lower strata, containing thin seams of coal, from which there is a conformable de-

scending passage into the true carboniferous system. (/. of wood-cut 5, p. 28.) In general

these rocks contain much argillaceous matter, which on decomposing gives a striking

resemblance in the surface of the country, to those tracts which are occupied by the

Old Red Sandstone ; whilst some of the calcareous bands above mentioned, are associated

with hard flagstones. So completely, indeed, do these bands resemble the cornstone

of the Old Red Sandstone, that they were formerly described from a part of this very

tract as belonging to that formation 1

. There is now, however, no doubt respecting

their age, since besides their clear superposition to the coal measures, some of these beds

contain fragments of mountain limestone, and sandstones with coal plants. This is

one of the many proofs (ample testimony of which will be found throughout this

volume,) of the danger of testing the age of rocks, by any peculiarity in their mineral

character, however striking ; for the graphic description of the cornstone of the Old

Red Sandstone, given by Dr. Buckland, is derived from specimens now proved to

belong to the New Red System. I cannot, however, make this observation without

remarking, that the mere lithological character of many of these beds might still mis-

lead the most practised geologist, if he had not worked out the relations of all the other

rocks of the district
2

. Upon the eastern face of the Clent Hills, the Lower New Red
appears as a highly argillaceous red sandstone, underlying the chief bands of calcareous

conglomerate of Frankley and Gannow Green, and dipping away from small patches of

coal, on the north-eastern face of the quartz rock of the Lickey Hills, and at the

southern end of the great Dudley coal-field. (See section, PI. 37. figs. 7 and 8.) There

is distinct proof in both tracts, that the Lower Red Sandstone is conformable to,

and passes into underlying coal measures ; but as the latter are of very poor quality, and

are in fact mere layers of carbonaceous matter, they have in most instances not been

wrought, whilst in others where they have, the works being abandoned, the relations

are but little known. It is certain, however, that to the east of Rubury Hill (Lickey),

the strata dip to the east at a slight angle, and pass with apparent conformability

1 Geol. Trans., Old Series, vol. v., note p. 512.

2 In my own case, for example, I am bound to acknowledge, that misled by mineral characters in the first year

of my survey, I laid down an adjacent tract of the Lower New Red, as Old Red Sandstone, an error which I only

rectified by working out the relations of all the surrounding rocks. Mr. Greenough in the table of superposition

illustrative of his map, has noticed the occurrence of cornstones both in the New and Old Red Sandstone. It

may be stated, that the inhabitants make no distinction between the half- concretionary, half-conglomerate cal-

careous masses in the New, and those in the Old Red Sandstone. In the country, however, of the Old Red

Sandstone, the name of " Cornstone" is restricted to the coarse, sandy, conglomerate-like masses, and is never

applied to the large concretions of purer limestone.

g2
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beneath the Red Sandstone. Between Hales Owen and Hagley, at Wassail Grove and

Lutley, poor coal seams are apparent in natural sections, forming the lowest portion of

this system, or top of the carboniferous strata, and dipping beneath the conglomerate

and red sandstone of the St. Kenelms and Clent Hills. (See PL 29. fig. 10.) Among
the most instructive excavations opened in these rocks, are those of the Quarry Hill

south of Hales Owen, where thick-bedded, red, gritty sandstones, both soft and hard,

are extracted for troughs, slabs, and building purposes, and contain irregular thin seams,

filled with minute fragments of coal ; whilst lower beds rising from beneath, pass into

layers of hard grey grit, in parts calcareous, their surfaces being covered with fragments

of coal and impressions of stems of plants. From these beds, there is a gradual

passage into the coal tract of the neighbourhood of Hales Owen. At Coleman's Hill

and Hodge Hill, in the same district, there are other sections, the strata in which,

though differing somewhat in mineral characters, belong to this lower division of the

New Red System ; and these also exhibit passages into the coal measures. At Cole-

man's Hill, the upper beds consist of yellowish, soft, gritty sandstone, containing some

small calcareous fragments, a few pebbles of quartz, blotches of red shale, and frag-

ments of sandstone with impressions of stems of plants
1

, This sandstone graduates

into thick-bedded calcareous grit, spotted with bluish grey, black and yellow colours,

and partially burnt for lime. The spotted appearance is due to fragments of coaly

matter, mixed with imperfect concretions of crystallized carbonate of lime and blotches

of ochreous decomposing sandy matter. The sandstones of this age occupy a distinct

ridge from Hodge Hill by the Two Gates, to near Hales Owen. They are for the most

part of a yellow colour, are very cellular, and are not unlike portions of this part of the

system in the county of Durham, which Professor Sedgwick has identified with the rothe-

todte-liegende. I allude particularly to the soft, white, yellow and red sandstones on the

banks of the Wear, at Clacks Heugh, &c, near Sunderland. On the sides of the

gulleys, poor and thin seams of coal are exposed ; and one of them occurring in grey

calcareous breccia, similar to that of Coleman's Hill, is made up of fragments of coal

sandstone, schist, and limestone, in a calcareous cement. In the bed of a brook under

Wassail Grove, I observed a seam of this coal three to four inches thick, overlaid by

what may be termed a carboniferous cornstone, somewhat resembling that of Coleman's

Hill, and containing small interspersed fragments of bituminized vegetable matter,

rounded and apparently water-worn, like the pieces of drifted wood seen upon the

sea-coast. The calcareous bed passes upwards into thin-bedded, brownish yellow sand-

stone, weathering to a reddish colour. In the fine natural sections seen as we descend

1 Mr. W. Hamilton, then Secretary to the Geological Society, accompanied me in one of my visits to the

district around Hales Owen, and he can bear witness to the quantity of impressions of stems, &c. of plants

which we observed in the strata of the Lower New Red Sandstone. Specimens of these may be obtained

in the Quarry Hill and Coleman's Hill.
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from these hills of yellow sandstones, to the edge of the great Dudley coal-field, whether

from the Windmills and Two Gates, or from Hodge Hill, we find the following suc-

cession :

1st. Beds of incoherent soft yellow sandstone, with calcareous courses and thin seams and fragments

of coal.

2nd. Argillaceous strata, generally red, and of considerable thickness.

3rd. Sandstone, alternating with a peculiar trap-tuf. This rock sometimes assumes spheroidal forms,

and will be further described in the chapter on Dudley. It contains quartz pebbles, and

fragments of coal plants, is often highly ferruginous, and passes down into strata containing

small concretions of ironstone.

4th. Calcareous shale with seams of coal, which have been, and are still worked. (See PI. 37- fig. 6.)

It appears, therefore, that between Hagley and Hales Owen, there are all the proofs

of a Lower New Red Sandstone, distinctly underlying the masses described in the pre-

vious pages, and passing down into carboniferous strata so gradually, that it is difficult

to draw the line of separation, or define it with any accuracy upon a map. As this

Lower New Red approaches the Clent Hills, it is inclined to the south, and is there

surmounted by the calcareous conglomerate or central and upper strata of the New
Red System. At whatever point we fix the limit between the overlying sandstones

and the coal measures, it must be borne in mind, that the only carboniferous strata into

which these beds graduate in this immediate neighbourhood, constitute the poor and

slightly productive end of the Dudley field, and that speculation in search of coal seams

by sinking to great depths beneath the Lower New Red in this tract, would be quite

ruinous, since we know, that the mineral thins out to mere shreds in its course to the

south. (See sections, PI. 37. figs. 7 and 8. and further explanations of this point in the

chapter upon the Dudley coal-field.) In following the margin of the great Staffordshire

coal-field we invariably find, that wherever gravel and superficial detritus does not

obscure the relations of the strata, a zone of red sandstone, sometimes of considerable

thickness, is interposed between the coal and the calcareous conglomerate. At the Stand

Hills, it is a hard, greyish, partially reddish, and slightly calcareous sandstone, with

a few blotches of yellowish marl, and some veins of white carbonate of lime, passing

upwards into a pebbly, deep red, soft sandstone. At the Straits between Himley and

Turner's Hill, it is a thick-bedded, deep red, soft sandstone, in parts slightly calcareous,

full of irregular joints, and those numerous transverse striae or lines of false bedding so

common in the New Red Sandstone, with occasional lumps of harder calcareous grit.

At Sedgely, it is a hard, red, slightly calcareous sandstone, with spots of green, passing

upwards into red argillaceous marl. These localities are all on the west side of the field,

and the strata invariably dip to the west, or from the underlying coal measures 1

.

On the eastern side of the coal-field, these sandstones are much more obscured by

1 See also the section from Wolverhampton to the banks of the Severn north of Bridgenorth, PI. 29. fig. 13.
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coarse gravel, but in several situations they are seen to be overlaid by a red calcareous

conglomerate, which also dips away from the coal-field, or to the east. The great thick-

ness of these lower sandstones has been recently proved by a spirited undertaking of

the Earl of Dartmouth, at Christchurch near West Bromwich, to sink through them to

the coal. These workings descended through a variety of red and spotted sandstones,

blotchy deep red and variegated marls, and thick courses of red calcareous grit, concre-

tions of impure limestone (cornstone), and ferruginous, deep red, hard, calcareous sand-

stone, the fissures in the rock being sometimes coated with crystals of pink-coloured

sulphate of barytes, and sulphuret of iron. At my last visit, the shafts, then at a depth

of two hundred yards, were passing through a light red micaceous sandstone, in which

blotches of ferruginous marl were mixed with grains of carbonaceous matter. Some of

the layers of this rock were separated by laminse of black mica ; concretions of calcareous

sandstone, as round as cannon balls, occurred at intervals, and altogether there was so

much calcareous matter as to give the rock a very concretionary aspect. The reader will

perceive, that these are the very same strata which overlie the coal in natural sections at

other places; and hence there could be little difficulty in predicting, that coal measures

would be found beneath them, particularly as it is well known, that the coal seams of

the adjacent field of Dudley, do not deteriorate or thin out in the vicinity of these works,

but are simply lost by faults. The existence of the upper beds of coal having first been

ascertained by borings carried down to a depth of more than seven hundred feet below

the surface; they (and the lower beds) have since been reached by sinkings, an account of

which, with a full description of the strata passed through, will be given in the chapter

on the Dudley coal-field. (PI. 37. fig. 1 .) It is indeed impossible to mention this enterprise,

without congratulating geologists on the effect which their writings are now producing

on the minds of practical men ; since it was entirely owing to inferences deduced from

geological phenomena, that this work was commenced, whilst its success was derided

by many of the miners of the adjacent coal-field
1

.

In the eastern parts of Shropshire between Enville and Bridgenorth the Lower Red

Sandstone occupies low terraces and depressions beneath the calcareous conglomerate,

and at Shatterford is conterminous with a thin band of coal measures. The uppermost

strata are so very similar to those of the great mass of rock above the calcareous con-

glomerate, that the description of the one, may almost serve for that of the other. Thus,

for example, in the cliffs opposite Bridgenorth, and in the mass of rock on which the

town itself is built, the beds possess nearly all the characters of the sandstones in the

higher part of the system, being thick-bedded, soft, of a deep red colour, and traversed

by innumerable lines of false bedding, which often meet in wedgelike forms ; thus :

1 The Earl of Dartmouth commenced these works at the suggestion of his principal agent Mr. Dawson, a

most intelligent gentleman, but not practically versed in mining affairs, who simply applied in this case the

knowledge he had derived from geological writings.
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6. Laminae of deposit in the Lower New Red Sandstone.

a

b

a. Calcareous Conglomerate.

I may here remark, that whether considered in its central or in its lower member,

there is no system of rocks, which occasionally offers greater difficulties for determining

its real laminae of deposit than the New Red Sandstone. Besides the joints or fissures,

the diagonal lines of false stratification are sometimes so prevalent, that it is only by

tracing at wider intervals the true laminae of deposit, b.b. (wood-cut), as marked by her-

bage or moss, that we can correctly ascertain the real dip of the strata. As these ap-

pearances sometimes reoccur, from top to bottom of cliffs two and three hundred feet

in height, and as the intervals between the true beds is often fifteen or twenty feet, it at

first sight does not seem easy to assign an adequate cause for the accumulation of such

a vast number of interjacent laminae, parallel to each other in separate wedges, yet

divergent from the lines of true bedding, Such appearancs are to be found, to a cer-

tain extent, in rocks of all ages, and however difficult it may be, to explain the precise

method, by which water can have deposited the grains of sand in these positions, we
have positive evidence of precisely similar phaenomena, not only in young tertiary de-

posits like the crag, but also in those accumulations of the modern aera, which having

been formed under the sea, have subsequently been raised up, and occupy low cliffs

along certain parts of the coasts of our island 1
.

To the south and north of Bridgenorth, the other strata of the Lower New Red, as

exposed on both banks of the Severn, are similar in all respects to those described else-

where, consisting of brownish, red, argillaceous and calcareous sandstones, flaglike,

calcareous grits, with occasional underlying, slightly red and yellowish sandstones, not

unlike certain coal grits. Before, however, we take leave of this tract, a little more

detail is called for, respecting the relations of the Lower New Red to the south of

Bridgenorth, where the formation has been generally confounded with the Old Red
Sandstone ;

though it is clearly separated on many points from that system by a zone

of coal measures. Such is distinctly seen at Chelmarsh, where a ridge consisting

entirely of the Lower Red Sandstone, and associated beds of calcareous concretions,

overlies in conformable apposition, and graduates downwards into strata containing

1 See description of a raised beach on the north coast of Devonshire, by Rev. Professor Sedgwick and Mr. Mur-

chison, Geol. Proceedings. (Vol. ii. No. 48.) Mr. Lyell has given an ingenious explanation of the manner in

which these transverse lamina? may have been formed by water, in showing how similar inclined planes of sand

are accumulated by wind. (See a full examination of this form of stratification, with numerous analogies drawn

from the formation of the crag, in Lyell's Principles of Geology, Fourth Edition, vol. iv. p. 91.) Mr. De la

Beche also throws light on the origin of this false bedding. (See Theoretical Researches in Geology, p. 88.)
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seams of coal (Borle-brook) . The descending order on the western slope of Chelmarsh

common is as follows : See PL 30. figs. 1. and 4.

1. Red sandstones passing into calcareous conglomerates, sometimes of concretionary structure,

(summit of ridge from Chelmarsh to Higley)

.

2. Argillaceous marls and clay, with beds of whitish sandstone, occasionally with green grains.

3. First traces of coal measures, viz. dark and grey shale and light-coloured sandstone, with seams

of coal, too poor to be worked.

4. Top coal of this district, tiventy-two inches thick, the highest bed in use.

5. Calcareous concretions of grey and green colours, resembling certain varieties of the cornstone

of the Old and New Red Systems ; a band of this limestone is seen in the bed of the Borle-

brook dipping under the top coal.

6. Lower coal, two feet six inches thick, with associated measures, lies at some depth beneath the

limestone, but is not now in work.

All these beds, from the lower coal to the overlying red and green sandstone with calcareous

conglomerate, dip to the south east, about four inches in a yard 1

.

This is indisputably one of the clearest natural sections in the range of the Lower

New Red Sandstone, exposing a passage downwards to the coal measures. As these

argillaceous beds with calcareous concretions, are thus proved to belong to the Lower

New Red Sandstone, we thereby determine the age of other sandstones, which di-

stinctly overlying them, occur on both banks of the Severn, at Higley, Stanley, and

Alveley, and which most geologists, (myself included during my early examinations of

this tract,) erroneously considered to belong to the Old Red Sandstone. Seeing the

interstratification of so many beds of stiff red clay, with calcareous concretions per-

fectly resembling the true cornstones of the Old Red, and also beds in which the sur-

faces are occasionally covered with large plates of mica, it was difficult to believe that

these rocks did not really belong to that System. By attention, however, to the

relations of these sandstones to the surrounding strata, it becomes clear, that they

belong to the New Red System; for besides the proofs of their superposition in this

tract, they may be traced pursuing the same course and uniting with the sandstones

of Hagley, the Clent Hills, Hales Owen, and the strata which surround and overlie the

coal-fields of Coal Brook Dale and Shrewsbury.

Grindstones. The red sandstone of Alveley, Higley, and Stanley, which contains

calcareous concretions or cornstones (several masses of which are burnt for lime at Low

and Shropshire farms) is a thick-bedded sandstone, without mica, the lamination fre-

quently marked by purple stripes, with here and there, half-formed, small concretions

of green and red marl. The coarser or gritty beds are very largely quarried for grind-

stones, which are used at Birmingham in the manufacture of gun-barrels. The grind-

1 The Rev. T. England first made known this section, and showed the existence of concretionary cornstones

in these coal measures. Geol. Proceedings, vol. ii. p. 20.
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stones are not unusually three and a half feet thick, by ten or twelve in diameter 1

.

These grits are frequently calcareous, and are composed chiefly of grains of deep red

quartzose sand with white specks of decomposed felspar. Although, therefore, they

do not much resemble the ordinary strata of the New Red Sandstone, they are unlike

any beds in the Old Red System. And though it may be difficult, nay, in some cases

impracticable, to distinguish the calcareous concretions of the one system from the

cornstones and limestones of the other, we have a safe guide in the order of superpo-

sition ; and the absence of the fishes and organic remains of the Old Red Sandstone,

is negative evidence of some use in assisting the inquirer.

In subsequent remarks upon the carboniferous deposits of these tracts, it will be

explained, how the coal measures which appear in patches in the bed and banks of the

Severn, have been brought to light from beneath this cover of the Lower New Red
Sandstone. This member of the system is further developed on both banks of the

Severn, north of Bridgenorth, or between that town and Madeley, leaving no doubt

of its age, since it is seen overlying and dipping away from a thin zone of coal at Tasley

and Coughley ; and where some of the harder courses also contain calcareous sandstones.

(PI. 29. figs. 11, 12 and 13.)

A most instructive transverse section can also be made by passing from the high terrace of Apley

to the lower ridges, in which are situated the park and house of Mr. Whitmore. The change ob-

served in passing from the fine sandy and loamy soil of the upper and middle portion, to the cold

argillaceous surface of the lower division of the system, is quite as marked, as the contrast between

the agricultural surface of the New and Old Red Sandstones, where those systems are brought

together in Gloucestershire and parts of Worcestershire. (See Map.) So complete is the resem-

blance between this lower member of the New Red, and the Old Red Sandstone itself, that I confess

it was only the clear order of superposition which convinced me, that this zone of sandstone and

clay really formed part of the younger system. Near Apley Park lodge, quarries have been opened

in this rock to the depth of thirty feet, exposing a hard, greenish and deep red sandstone, in parts

calcareous, in others slightly concretionary and conglomerated, the whole subordinate to stiff, red,

argillaceous marl or shale. Here, as at Cantern Bank near Tasley, the beds lie conformably upon

the coal strata, a band of which appears below in the bed of the Severn, while the superior face of

the red rock dips beneath the overlying conglomerate of Apley Terrace. As Mr. J. Prestwich, to

whose labours in this coal-field I shall have occasion to allude hereafter, has discovered plants in

these Lower Red Sandstones ; the analogy to the strata of similar age near Hales Owen, Hagley,

Shrewsbury, and other places, is complete.

On following this rock to Coal Port Bank, we there see it exhibited in deep vertical sections.

Thick- and thin-bedded, red, argillaceous sandstones
;

yellowish and greenish grits, occasionally

calcareous, with wayboards of argillaceous marl, constitute the upper cliff, dipping to the east 10°

under an argillaceous cover, and resting upon thick-bedded red sandstone, having a slight tendency

1 The stone was also formerly much extracted for the furnace hearths of blast-houses, but experience has

taught the iron masters, that many other sandstones are equally serviceable for that purpose. The coarser beds

contain small fragments and concretions of marl. They are also used as building-stones.

H
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to conglomerate structure'. The other varieties of this rock contain rounded grains of quartz, and

white specks, probably of decomposed felspar, with a little iron pyrites, in a calcareous paste,

together with bands of coarse-grained pebbly grit and specks of chlorite, in a cement of white cry-

stallized carbonate of lime. Some of the calcareous grits enclose concretions of green and red marl,

thus resembling the impure cornstones of the Old Red Sandstone. Between Coal Port and Made-

ley this sandstone is affected by powerful faults, to the chief of which I shall advert in a sub-

sequent chapter ; it being enough for my present purpose to state that along the boundary of this

field, as in Staffordshire, great dislocations equally affect the carboniferous strata and the Lower

New Red Sandstone 2
. A transverse section from Sturchley to Shifnal, across Nedge Hill, like

those previously cited, exposes sandstones and flaggy grits both green and red, and thin courses of

slightly calcareous conglomerates and flagstones, associated with much argillaceous marl; the whole

passing beneath the younger group of Shifnal, &c. The country around Shifnal, Sheriff Hales, and

Crackley Bank, is covered with the quartz pebbles of the disintegrated conglomerate, beneath

which a dark-coloured, finely laminated, soft, sandstone is seen at intervals ; but these beds, as

well as all those situated midway between Bridgenorth and Wolverhampton, and occupying points

intermediate between the coal-fields of Staffordshire and Coal Brook Dale, belong rather to the

overlying or great central mass of sandstone. At Lilleshall, the same instructive section, as that

from Nedge Hill to Shifnal, is repeated with still greater clearness and fuller development (PI. 29.

fig. 15.) In the slopes of the hills below the terrace on which Lilleshall House is built, are stiff,

argillaceous beds which produce a cold and unmanageable soil. Other sandy beds, on the contrary,

are quite incoherent and very largely micaceous, a rare feature in the supracarbonaceous strata. At

LilleshallAbbey, the lowest strata apparent on the surface are thick-bedded, light brownish sandstones.

The junction of these with the underlying coal has never yet been ascertained, but there can exist no

doubt of these beingthe true beds ofpassage into the carboniferous system. Portions of this sandstone

are seen at one or two points along the northern flank of the Ketley portion of this coal-field, and they

follow the outline of the promontories of the trap and Silurian rocks near Wellington, but are for the

most part in an incoherent and decomposed state, and the district is also much obscured by gravel.

The lower red sandstone reappears at Wroxeter, Preston Boats 8
,
Shrewsbury, and at other places

upon the banks of the Severn. (See Map.) It dips away in slightly inclined masses from various

small patches of coal at Pitchford and Uffington ; also near Longnor, where the coal-bearing strata of

Le Botwood pass gently beneath the red strata of Condover and Stapleton. In that district,

1 There is a tradition that coal was worked immediately beneath this rock upon the south, and it is in every

way probable that such was the case, seeing that the strata dip away from the coal-field of Brosely, on the

opposite bank of the Severn.

2 These are all elaborately described by Mr. J. Prestwich, in whose memoir, preparing for publication in

the Geological Transactions, will be found valuable details of the dislocations of the carboniferous and asso-

ciated strata in this vicinity.

3 At Preston Boats the upper part of the old quarries exposes thin-bedded, hard, slightly calcareous beds,

with small concretions of dark green impure limestone, closely resembling certain cornstones of the Old Red Sand-

stone. In the lower part of the quarry the beds become thicker, and consist of sandstones of deep red colour,

with a few blotches of marl. It is from beds of this age, that the Abbey, Castle and many ancient buildings of

Shrewsbury have been constructed. Though I have looked in vain for any traces of organic remains in these

calcareous beds, we should never despair of such a discovery, when we recollect for how long a period the ex-

istence of organic remains was unknown in beds of similar structure in the Old Red Sandstone. (See obser-

vations on recently discovered plants and other remains in the New Red Sandstone of Worcestershire, p. 64 note.)
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these red sandstones enter deeply into the recesses of the bays or denudations which have been

formed at the north-eastern extremities of the Cambrian rocks, in many situations resting directly

upon their vertical or highly inclined strata; while in others, as in various hollows near Cound

and Pitchford, they are separated from the old rocks by thin patches and broken zones of coal.

In all such positions, even at the north-western end of the Lawley and Caradoc ridge, these sand-

stones, where not obscured by coarse drifted gravel, are soft, thick-bedded building- stones, usually

lying in slightly inclined strata. In a quarry at Condover about thirty feet of these beds, dipping

very slightly to the north-north-east, are arranged in the following descending order :

1. Gravel; 2. Thin-bedded sandstone ; 3. Red, argillaceous marl; 4. Sandstone ; 5. Argillaceous

marl as above; 6. Sandstone; 7« Marls as above; 8. Thick-bedded sandstone.

There are distinct evidences of the existence of the inferior beds of this formation, at various

points west of the Wellbatch Collieries, near Shrewsbury, particularly on the left bank of the Meole

Brook, where several pits and trial shafts, sunk by Mr. Hughes, have passed through,—1st, Purple,

red and green sandstones, marked by blotches of marl
;
2ndly, Greenish and bluish shale

;
Srdly,

Whitish sandstone with green grains
;

4thly, Coal-bearing measures. Of the last-mentioned rocks

we shall have occasion to speak in a subsequent chapter, it being now sufficient to attend to the

fact, that frequent impressions and fragments of coal plants have been discovered in these overlying

red and green beds, which here form the cover of the coal-bearing strata. Most of these plants,

like those of the Hales Owen and Hagley tract, are in an imperfect condition; but Professor Lindley

had no hesitation in considering them as belonging to the carboniferous epoch.

There are but few other spots around the southern edge of the Pontesbury or Shrewsbury coal

tract, where the Lower New Red Sandstone is visible, owing to a great mass of superficial detritus;

but the rock is laid open at Fairley, where it is a dark red, soft, thin-bedded sandstone, made up

of black and white grains in a red paste, with a few harder concretions and some blotches of red

marl. The same rock is also partially quarried at Newton near Boycot, where it is harder, more

siliceous, and intractable, and it is again seen in the bed of the brook at Stretton, dipping to the

north-east and north, &c, or away from the adjacent coal-field.

In the escarpment at Cardeston, the same red sandstone underlies the dolomitic conglomerate,

and dips away from the adjoining coal measures. In some of the quarries, this stone is of a

light brown colour and consists of fine grains of quartz, much rounded, the matrix composed of

earthy matter being freckled with dark stains, probably caused by the decomposition of small

nests of iron pyrites. Following this escarpment to Pecknall, west of Alberbury, this sandstone

is seen to rise from beneath the calcareous conglomerate, and to form a separate ridge between

that rock and the coal measures of Coed Way. It is here a thick-bedded, deep red sandstone, with-

out mica, speckled with whitish grains of decomposed felspar
1

. Like the lower beds in other

places, it is also based upon argillaceous bands which decompose to a stiff, red clay, forming the

immediate lip of the coal-field, and passing down into those beds of variegated shale which imme-

diately overlie the coal.

It may here be mentioned, that the transverse section at Alberbury and Pecknall

proves, that the dolomitic conglomerate, the red sandstone, and the coal beneath it,

are all arranged in conformable order of superposition, dipping to the east and east-

1 The sandstone of Pecknall is quarried to the depth of thirty feet and is an excellent building-stone

brought into use by Sir B. Leighton, Bart., of Loton Park.

H 2
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north-east and resting upon the inclined edges of the Silurian system of rocks. (See

PL 29. fig. 9.)

The western extremity of Shropshire, affords still clearer proof of the Lower New Red
Sandstone being directly superposed to the coal measures ; for in the new pits at the

Drillt, to the east of Oswestry, red sandstone, marl, and shale, have been penetrated to

a depth of upwards of one hundred yards, before the first traces of coal measures were

perceived
;
when, after passing through several layers of impure carbonaceous matter,

the usual coal seams of the Oswestry field were reached, and are now largely worked.

(PL 30. fig. 13.) This case is precisely analogous to that of Lord Dartmouth's colliery

near Birmingham, and will be enlarged upon in the eleventh chapter.

We have now gone through the New Hed System, in as much detail as appeared

requisite to point out its prominent features in this region ; and I have attempted

to separate the mass into divisions, which may stand the test of comparison with

the sub-groups established in other parts of England, and with those sanctioned by
foreign geologists. Closer comparisons appear impracticable, particularly as they must

in the present state of our knowledge be chiefly founded upon mineral distinctions : for

although one saurian animal and a few vegetable remains have been found in the

sandstone of Warwick, and certain fishes have been detected in Ireland ; the whole

system in the central counties of England (with the exception of the shelly marls of

Manchester, representing the Magnesian Limestone,) is poor in organic fossils.

Certain sandstones, however, in Worcestershire are to be exempted from this obser-

vation
;

for, even while these pages are going through the press, both animal and ve-

getable remains have been discovered in them , and will be described in the Appendix 1

.

1 Being anxious to announce the discovery ofany organic remains in the upper or central members of the New-

Red System, many parts of which I had not examined in detail, I recently requested my friend Mr. H. E. Strick-

land to visit the quarries of Burg Hill near Eldersfield, the marly sandstones of which I have referred to the

Keuper formation, (pp. 29 and 30.) Having done so, he has succeeded, after a minute search, in discovering

" two indisputable fragments of bone, and some small oval bivalves, too indistinct to determine their genus."

One of the bones proves to be an Ichthyodorulite. Mr. Strickland's section of the Burg Hill quarry is :

Feet.

1. Red Marl 4 Dip. S.W. 10°.

2. Greenish grey Marl 8

3. Thinly laminated Marl with white Sandstone 4

4. Soft white Sandstone 6

5. Greenish grey Marly Sandstone 8

27

" These beds," Mr. S. observes, " thin out and vary in different parts of the quarry, the sandstone often pre-

senting ripple marks on its surface. The marl No. 3. has been much cracked at the time of its deposition, and

the crevices are filled with white sandstone in the same manner as those of septaria are with calcareous spar.

From the tendency of the marl to split into spheroidal fragments, the curved fissures thus produced, when filled

with the white sandstone, have very much the appearance of bivalve shells. Sometimes the marl is more broken
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We may now conclude by simply recapitulating, that the previous details have shown

the existence of

—

1st, Saliferous and gypseous marls, with beds of sandstone, constituting together the

equivalent of the " Keuper " formation of the Continent.

2nd, Sandstones and quartzose conglomerates, representing the " Bunter Sandstein" of

the Germans, and " Gres Bigarre" of the French.

3rd, Calcareous conglomerate, the position and structure of which proves it to be of

the same age as the dolomitic conglomerate of the South-west, and of the Mag-

nesian Limestone of the North-east of England, and that, however differing in

mineral characters, it is therefore, as shown by Professor Sedgwick, the repre-

sentative of the rocks known in Germany under the names of Zechstein, Rauch-

wacke, &c. The trappean conglomerates on the flanks of the Malvern and

Abberley Hills, are of about the age of this deposit, being clearly of younger age

than the sandstones which form the true base of the system 1

.

4th, That the Lower New Red Sandstone overlying the coal-fields of Staffordshire and

Shropshire, though differing considerably in lithological structure, is the equi-

valent of those sandstones of the North-east of England, which occupy the same

place as the "Rothe-todte-liegende" and probably the lower beds of the Gres des

Vosges 2
. The country described being intermediate between the south-western

districts of England, where the dolomitic conglomerate rests unconformably

upon the coal measures, and those northern districts where the series is fully

developed, it is interesting to observe the points whence the expansion com-

mences, and to mark the gradual increase of the lower deposits of the system,

up and consists of detached angular fragments imbedded in the sandstone. The latter is commonly of very fine

texture, but some specimens of coarse grit may be found, the pebbles of which (chiefly quartz) are one fourth

of an inch in diameter." Letter to myself, March 11, 1837. In a subsequent letter, March 22, Mr. Strickland

further announces that Mr. Amphlett, of Dunclent near Kidderminster, had discovered fossil vegetables in a

stratum of "dove-coloured" sandstone, which separates the great mass of red sandstone from the overlying marls.

This band of whitish sandstone, very similar to that of Burg Hill, extends along the district of Doverdale. The

plants, consisting of various genera, were chiefly found at Elmley Lovett, and at Hadley near Ombersley, and

are now deposited in the museum of the Natural History Society of Worcester. I have requested that the

specimens may be sent up to Professor Lindley to be described and figured in the Fossil Flora, and conceiving

this discovery to be of great importance I shall_visit the localities and announce the result in the Appendix."

March 23, 1837.

1 An expression has inadvertently crept into a previous sheet, p. 30, which I hasten to explain. It is there

stated, that the conglomerates in question may represent the formations 2, 3, or 4, of this System. The conglo-

merates here alluded to never can represent the No. 4, or Lower New Red Sandstone, but they are occasionally

underlaid by a thin zone of sandstone, which possibly may be considered the feeble representative of that for-

mation.

2 See Professor Sedgwick's Memoirs, Geological Transactions, vol. hi. and iv. Consult also " Systeme des

Vosges," of M. Elie de Beaumont, (Memoires pour servir a une Description geologique de la France, vol. i.)
;

the valuable Map of the Rhine, and " Geognostische Umrisse der Rheinlander," by Oeynhausen, Dechen, and

La Roche ; and the work of M. Voltz before cited.
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until they attain in these central tracts an importance as great, perhaps, as that

of the same deposits, in Yorkshire, Durham, and Cumberland 1

.

Among the peculiarities of the Lower New Red Sandstone of this region, one of the

most remarkable is the prevalent diffusion of calcareous matter, and the existence of

bands of concretionary limestone, some of which pass down into the coal measures

;

in which respects the formation differs essentially both from its type in the North of

England, and from its foreign synonyms.

A practical acquaintance with the lower member of this system, is, it must be

allowed, of vast national importance ;
for, as these sandstones are now proved to

graduate into the coal measures, we need not despair of eventually finding some of

the most valuable coal seams of the central counties extending beneath them. Such

results would indeed be only a repetition of the successful enterprize by which, in

sinking through deposits of the same age, the south-eastern part of the county of Dur-

ham, in spite of the prejudices and predictions of the old school of miners, has now

been rendered a great productive coal tract.

If such be their practical value, these inquiries may also lead geologists to modify

their previous theoretical views, respecting the relations of the coal measures to the

overlying rocks, founded on what must now be considered local phenomena, observed

chiefly in the Bristol district and south-western parts of England ; where because the

New Red Sandstone reposes ^conformably upon the carboniferous strata, the belief

became prevalent, that this arrangement was indicative of a general rupture, subsequent

to the accumulation of the coal measures, and anterior to the deposition of the mag-

nesian limestone and conglomerate. That such, however, has not been generally the

case, has been established with regard to the North of England, by the writings of

Professor Sedgwick ; and the preceding facts teach us the same lesson in respect to the

central counties : for it is clearly demonstrated, that beds of the age of the dolomitic

conglomerate are there separated from those of the carboniferous system, by an un-

broken succession of intermediate strata of vast thickness, of which there are few or

no traces in the south-western parts of the island.

Notwithstanding, however, the distinctions which have been drawn between the dif-

ferent members of the New Red System in the central counties, a question it is feared

might still arise among foreign readers, concerning the true equivalent of the Rothe-todte-

liegende : for as most Continental geologists conceive that formation to be essentially

connected with porphyritic and other rocks of igneous origin, they can scarcely peruse

the description of the trappean conglomerates, p. 51 etseq., without supposing that those

1 These subdivisions of the New Red System of this region are not always easily recognised, owing to the

prevalent obscuration and small elevation of the strata; and there is great difficulty in marking with precision

their separate courses with accuracy. Two subdivisions only are therefore attempted upon the annexed map,

viz. 1st, Marls, Sandstone, &c. ; 2nd, Lower Red Sandstone including the overlying calcareous conglomerate and

the inferior courses of concretionary limestone.
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masses, may represent the German deposit. If, however, we are to understand the

foreign synonym, to express a series of strata, elaborated in such a manner, as in some

cases completely to connect the carboniferous and overlying system ; then it is clear we

must consider the Lower New Red Sandstone to be its true and full equivalent, even

should it not contain a single pebble of trap. That it contains few or no fragments of

trap in the North of England, has already been proved by Professor Sedgwick, and the

same fact is now established in the central counties ; whilst on the other hand the great

trappean conglomerates have been shown to overlie this equivalent of the Rothe-todte-

liegende, and to be on the same parallel with the dolomitic conglomerate. Referring to

former opinions on this point Professor Sedgwick has well observed, " In comparing the

Bristol and Exeter conglomerates with the Rothe-todte-liegende, our geologists made

use of the best evidence with which they were acquainted. But the New Red Sand-

stone group is now better understood ; and in future comparisons with Continental de-

posits of the same age, we should use as our types those sections which are most com-

plete, instead of the Bristol or Exeter overlying groups, in which more than one half of

the series is absolutely wanting." Geol. Trans., vol. iv. p. 400. 1

The trappean ridges of Malvern, Abberley and Clent, will be described in the sequel

;

but in the mean time it may be observed, that as the red conglomerates on their flanks

contain angular and rounded fragments of the trap composing those hills, the rocks

from which such debris was derived, must have been in existence before the conglome-

rate was formed. Now, the rupture between the New Red Sandstone and the carboni-

ferous deposits, as marked by the dislocations along the line of the Abberley Hills,

would certainly lead us to suppose, that the eruptions which gave rise to these hills took

place, either during the accumulation of the upper coal-measures, or of the Lower New
Red Sandstone

;
for, without anticipating explanations which are to follow in the en-

suing chapter, it may be asserted, that nothing is more consistent with modern and

ancient analogies, than that such volcanic eruptions should have been mere local phe-

nomena, which in the tracts where they prevailed (Devon, Abberley, Clent, &c.) may

have occupied the place of the Lower New Red Sandstone, by interfering with its de-

position, while in the tracts not visited by these outbursts, the formation would naturally

be fully developed, and would there exhibit the unbroken connexion between the New

Red and Carboniferous Systems which has been detailed in the previous pages.

1 I may here state, that after a recent examination of Devonshire and Somersetshire, by Professor Sedgwick

and myself, we were unable to separate the lower part of theNew Red Sandstone of that country, into two for-

mations, like those of the northern and central counties ; and I am requested by my friend to say that he with-

draws the qualifying expression (respecting the Exeter conglomerates) used in the Postscript to the memoir

cited, and adheres to the opinion above quoted. (March 1837.) See Geol. Trans, iv. p. 403.



CHAPTER V

TRAP ROCKS.

Trap Rocks compared with Volcanic Products, and shown to be of Igneous origin.

Distinctions between contemporaneous and intrusive Trap Rocks.

Hitherto we have exclusively considered the nature of sedimentary deposits, but

our account of them can no longer be advantageously continued, without occasionally

describing rocks of very dissimilar characters, which have been abundantly intruded

amid the strata. Already indeed the fragments of some of these rocks have been

alluded to as forming part of certain conglomerates in the New Red System. These

are the basalts, greenstones, porphyries, and syenites, which constitute a portion of

the Trap Rocks of geologists. As my readers who have not studied geology will find

in the sequel, that many important inferences in the theory and practice of the science,

depend on the right understanding of the phenomena connected with these rocks, I

deem it advisable in this introductory chapter, to explain their analogies with the

products of existing volcanoes, and to point out how they have been proved to be of

igneous origin. A slight acquaintance with volcanic phenomena teaches us, that

they are the results of some general and deeply seated cause, which occasions eruptions

of gaseous and earthy matters, or of lava, at irregular intervals, both under the atmo-

sphere and beneath the ocean. Hence volcanic products are naturally divisible into two

great classes ;
sub-aerial, and sub- aqueous. The first, being in many respects open to

our investigation, is to a considerable extent understood. The second, for the most

part hidden from examination, is necessarily but little known, though recent obser-

vations have thrown some light upon it. It is to the last-mentioned of these classes,

or submarine volcanos, that perhaps all our British trap rocks are referable. I will first

very briefly point out the resemblance in mineral characters, between these rocks and

modern volcanic productions, and secondly will endeavour to show, that the two classes

are intimately connected with each other, both by association and physical phenomena.

1 . Mineral character, fyc. The most common ingredient in modern and ancient

lavas, as well as in trap and granitic rocks, is felspar. This mineral assumes a consider-

able variety of forms, which differ so greatly from each other, that a novice finds it dif-

ficult to recognise in them the same substance. In an earthy, vitreous, or compact state,
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it forms the basis of all lavas, and of the greater number of trap rocks. Associated with

augite, and generally in a vitreous form, it constitutes some of the well-known modern

volcanic basalts, in which the greater or less preponderance of the latter mineral confers

the more or less black, dense, and ferruginous character which they so often assume.

Mixed with hornblende it forms a large class of ancient rocks, also called basalt when

the minerals are intimately blended, or greenstone when each is distinguishable. In

another condition, felspar, in a glassy but loosely aggregated state, composes a rock of

a rough, porous, and earthy aspect, called trachyte, which is found among both modern

and ancient lavas, and formations of still greater antiquity. In a compact state, the same

mineral is the base of many of the porphyries ; and in a more or less crystalline form,

associated with quartz, mica, and other minerals, it composes the great class of granitic

rocks. As felspar is not found in any of the aqueous sedimentary deposits, except in

a decomposed or regenerated state, it may therefore be considered the most characteristic

ingredient of all igneous rocks. There are, however, many other simple minerals which

combine to form these rocks ; but it is foreign to my present object to enter into further

details, it being sufficient to state, that from the above-mentioned prevalent types of

rocks, formed by heat, there are endless gradations into others, on many of which I

shall treat in the following chapters.

2. Association andphysicalphenomena.—In taking a general view of the association and

physical phenomena of igneous rocks, let us first take a rapid glance at the method by

which the products of extinct volcanos
1 have been identified in their nature, with those

of volcanos in activity.

Ninety years have nearly elapsed since two French academicians, collecting plants

among the hills of central France, were astonished by discovering numerous cavities,

resembling the craters of volcanos. From the lips of these cavities, currents of lava,

as fresh in aspect as if they had flowed yesterday, were traceable into the neighbouring

valleys, following their sinuosities, barring up their ancient water-channels, and moulding

themselves into the inequalities of the actual surface ; and to complete the analogy with

active volcanos, most of the mineral substances composing these lava currents were

found to be similar to those of Vesuvius and Etna. When M. Guettard, one of the

naturalists, first announced these discoveries, so unwilling were men of science to be-

lieve in phenomena, of which neither history nor tradition had preserved a record, that

scepticism long prevailed. The graphic and attractive descriptions of Montlosier 3

, the

mineralogical knowledge ofDolomieu, supported by the precise geographical delineations

1 I might refer to a host of writers, both abroad and at home, including the early Italian writers, who have

proved trap rocks to be of volcanic origin, and in the following pages some of these will be adverted to. The

elementary works of Daubeny and Scrope must be consulted by those English readers who wish to comprehend

the chemical and mechanical phenomena of modern volcanos.

2 Essai sur les Volcans d'Auvergne, Clermont, 1802.

I
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of Desmarests 1

, were all barely adequate to establish truths, which are now universally

recognised, and have been rendered familiar to the British public by the beautifully il-

lustrated work of our countryman Poulett Scrope
2

. The Eifel
3
in Germany has since

been shown to be a tract in most respects analogous to Auvergne, while in Iceland

are combined nearly all the phenomena which can be required to convince us, not only

of the similarity of modern and ancient volcanic eruptions, but also of the great extent

to which such phenomena have prevailed within the historic sera
4

. Besides these well-

known European tracts, other quarters of the globe, particularly the continent of South

America and its adjacent islands, abound in examples of the varied phenomena of vol-

canic action. In Asia Minor the district called the Catececaumene, described by

Strabo, and recently visited by Mr. Hamilton and Mr. Strickland, presents an exact

analogy with the volcanic regions of central France and the Eifel, &c. But Auvergne

is not merely replete with analogies to modern volcanic regions ; it was further found

to contain many rocks, which, though from their characters they must have been

formed by igneous agency, are yet in many lithological features dissimilar from

modern lavas, whilst they resemble many of the so-called trap rocks. Thus, for

example, though many of the " lava currents" in the valleys of Auvergne are undi-

stinguishable from those of Etna and Vesuvius, other currents, equally traceable to

lips of craters, are composed of prismatic basalt very similar to the basalts of the

Giant's Causeway or of the Hebrides ; and pitchstone, that ancient form of obsidian, a

mineral product so abundant in some existing volcanos, has been added to the list of

analogies
5

. The district further presents numberless examples of other masses, of

nearly similar composition, trachytes, ancient basalts, clinkstone, &c, some of which

are undistinguishable from our British trap rocks, arranged in great tabular masses at

various altitudes on the mountain sides. These, unlike the more modern currents, are

not traceable to distinct vents of eruption, and are in fact but the remnants of once ex-

tensive lava currents, which had flowed over the surface of this tract before the forma-

tion even of the present river courses. By such evidences, therefore, the inquirer is

1 Carte Topographique et Mineralogique du Puy de Dome. Paris, 1823.

2 Scrope's Geology of Central France. London, 1825.

5 See Hibbert's History of the extinct Volcanos of the Basin of Neuwied, 1832.

4 See Travels in Iceland, by Sir G. Mackenzie, Bart., and Drs. Holland and Bright; also LyelFs Principles

of Geology, where the author gives a vivid portraiture of the magnitude of the modern Icelandic lava currents.

5 See Lyell and Murchison " On the Excavation of Valleys in Central France, Edin. Phil. Mag., July, 1829,

p. 15. Obsidian occurs in vast quantities at the Isle of Ascension. It would appear that this substance is also

very abundant in parts of Asia, where its presence had not previously been recognised, as between Anni and

Kars, for example, at a great distancefrom the coast. Mr. W. I. Hamilton has recently passed through that

region, and thus expresses himself concerning it : "I had always imagined, that the accounts of mountains and

palaces of glass belonged only to such fables as the Arabian Nights. To day, however, I passed over the foot

of a mountain of glass, and where the roads were paved with the same material. It was in fact Obsidian, or

Volcanic glass, most perfect and uniform in its texture." (Letter to his Father dated June 30, 1836.)
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enabled to carry backwards his researches in the same regions, through connecting

links, from the existing phenomena, into volcanic products of high antiquity.

Again, many of the ancient volcanic rocks in Auvergne afford distinct proofs of

having been poured into lakes, for they are interstratified and commingled with the

freshwater and terrestrial spoils which constitute the lacustrine limestones and sand-

stones of that region j thus explaining the geological period during which they were

erupted, whilst the lofty positions they occupy, on the opposite sides of deep valleys

over which they once spread in continuous masses, by demonstrating the enormous

amount of denudation to which they have been subsequently exposed, convey to the

mind some measure of their venerable age.

In these tracts the phenomena are probably all referrible, either to subaerial volcanic

action, or to vents of eruption from which currents of lava have been poured out into

contiguous lakes. The latter phenomena are analogous in kind, to that greater class of

subaqueous lavas which have been formed under the sea, the condition of the waters

alone constituting the difference. Now, as the greater number of existing active vol-

canos are near the coast, so currents of lava have been repeatedly propelled into the sea.

The coasts of Naples and Sicily, the latter particularly, present many examples of such

currents, which have flowed into the sea in broad sheets, and have been consolidated

under pressure into hard columnar lava, very similar to the basalts of older date
1

.

We are thus naturally led to enter on the consideration of such volcanos of sub-

aqueous origin, as have been attested by the sudden rise of volcanic cones and islands

from the bottom of the sea. The isle of Nyoe on the coast of Iceland, the island Sabrina

off St. Michael in the Azores, an island in the Grecian Archipelago, and Graham
Island near the coast of Sicily, are well-known historical examples. The Jast-men-

tioned island, having been thrown up so recently as the year 1831, when naturalists

were quite alive to the importance of the deductions to which its apparition might give

rise, has received much attention, and the series of phenomena which accompanied its

appearance and disappearance have been faithfully recorded. They may be concisely

stated as having occurred in this order :

1st. The soundings of Capt. Smyth, R.N. 2
, had established that the sea was upwards

of 600 feet deep at this spot, anterior to the eruption.

2ndly. Ships passing near the place a short time before the eruption, were affected

by earthquakes.

3rdly. Commencement of the eruption : the sea thrown up in waterspouts, accom-

panied by columns of steam and vapour.

4thly. The formation of a small island, at first only twelve feet high, with a central

1 Dr. Daubeny has clearly explained how, under the pressure of an ocean sufficiently deep to prevent the

formation of steam, the heat being carried off more slowly, the lava would longer retain its fluidity, and would
ultimately arrange itself in crystalline forms, more or less prismatic and regular.

2 Phil. Trans., 1832, p. 255.

i 2
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crater ejecting volcanic matter and vapour, the surrounding sea being rendered turbid

with floating cinders and scoria, and encumbered with dead fish.

5thly. The gradual increase of the island to 200 feet in height, and eventually to a

circumference of three miles.

6thly. Its rapid diminution to a circumference of about 700 yards, when last exa-

mined by the French naturalists
1

, under the erosive action of the waves and currents,

which its loose fragmentary materials could not withstand.

7thly. Its final disappearance in less than three months from the period of its emer-

gence.

8thly. The spot being surveyed in 1833, a year after its disappearance, the whole

submarine remains of this mass, which had been raised from 600 feet beneath to 200

feet above the sea level, was reduced to a dangerous reef about eleven feet under water,

in the centre of which was a black volcanic rock (probably a remnant of the solid lava

of eruption), surrounded by banks of black stones, scoriae, and sand.

In these well-recorded facts, therefore, we perceive that the eruption and demolition

of this island, the apex of a cone 800 feet in height, must have covered the bottom of

the sea to a great extent with detritus of volcanic ashes, scoriae, and lava, destroying

countless marine animals, and mixing up their remains with the previous materials

of the bed of the sea to form subaqueous deposits. We shall hereafter advert to the

value of such a modern analogy in explaining many geological phenomena, particularly

in the bedded trap rocks of the Silurian System.

This slight sketch of volcanic eruptions may suffice to explain, that they could not

have occurred without producing great and striking changes in physical geography.

Important, however, as the volcano must be considered as a great natural means of de-

struction and renovation, the earthquake, its constant accompaniment, operates perhaps

still more directly as an agent of change, by elevating some tracts and by depressing

others, causing great rents and fissures in the strata, and giving rise to powerful varia-

tions of tides and currents, by wdiich solid materials are transported to distant places.

The volcano and the earthquake are in truth dependent on the same cause, and are but

the outward signs of internal heat. The one is the " safety valve," by which heated

matter escapes at intervals from the interior, the other is the shock which lacerates the

solid ribs of the earth when that heated matter and its vapours, are denied an access to

the atmosphere. One important task, therefore, of the geologist is to read off the

proofs of these eruptions and earthquakes amid the ancient monuments which sur-

round him on the surface of the earth ; and by examining them he learns, that from the

remotest time there have been volcanic eruptions, and that the framework of the planet

has been repeatedly subjected to intermittent violence and fracture. He perceives that

1 See a most instructive account of these phenomena by M. Constant Prevost, Notes surl'Ile Julia, Mem. de

la Soc. Geologique de France, vol. ii. p. 91.
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many of these great eruptions and dislocations are intimately associated with other

phenomena not less indicative of change. Thus within modern times, for example,

irregular-shaped and narrow wedges of volcanic matter have crossed through the beds

of ashes, scoriae, and lava which envelope and form the sides of Vesuvius ; and in like

manner, similar masses (the dykes of geologists) are inferred to have penetrated in

ancient times the solid strata of sandstone and limestone ; the latter where they are in

contact with the intrusive rock, being often changed into a crystalline or highly indurated

state. He further perceives that veins filled with simple minerals, frequently radiate

through the sedimentary rocks where they are contiguous to such centres of eruption
;

and thus he supplies the chemical philosopher with data, which at some future day

may materially aid in solving the difficult problem of the origin of metallic veins ; at

least the geologist shows the extent to which such veins may have been originally de-

pendent on volcanic action.

In our country we have no traces of subaerial volcanos ; no craters like those of

Auvergne, with pumice and scorise adherent to their sides, or streams of lava traceable

to their mouths ; nor have we volcanic islands rising from the bed of the sea : our only

present memento of the existence of volcanic action beneath us, consisting in very slight

shocks of earthquakes. On the other hand, however, Great Britain is rich in rocks

possessing many mineral characters in common with volcanic products, being com-

posed like them principally of felspar, augite, hornblende, and other minerals, and

connected with them by so many gradual shades and links, that nearly all naturalists

are now agreed that such rocks are the result of heat and fire. These are the syenites,

porphyries, greenstones, clinkstones, and basalts, which have been forced up as molten

matter through the submarine accumulations now constituting our sedimentary deposits
1

.

Hutton, Playfair, and Hall were the first British geologists who brought the prominent

features of such phenomena under the test of observation and experiment ; and clearly

proved that all trap dykes were of igneous origin, and had been intruded among pre-

existing strata ; for it was shown, that as these rocks must have been erupted under

the pressure of an ocean, so ought they, instead of being light and porous, to be hard,

compact, and heavy, as we now find them. Obvious as these views may now appear,

they required much subsequent illustration and support, before they could obtain that

general assent to which they were entitled ; but to use the language of a sound observer,

" Nature fortunately remains more stable than prejudice*," and few indeed are those

1 It was this very intermixture of rocks having an igneous aspect with others which had been clearly formed

under the sea, which led to those disputes about aqueous and igneous origin that now appear so trivial ; the

advocates of the Neptunian theory contending that all trap rocks were precipitates formed under water, because

when compared with lavas they were found to be more compact ! Yet, as Mr. Lyell has well observed, " The

terms of comparison were imperfect, for one set of rocks formed almost entirely under water was contrasted

with another which had cooled under the open air." (Principles of Geology, vol. iv. p. 353.)

2 Bakewell, Travels in the Tarentaise, Alps Auvergne, vol. ii. p. 295.
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who now venture to dissent from the doctrines of the Scottish philosophers. No
individual has more advanced this branch of the science than Macculloch : few mi-

nutiae of chemical combination, lithological structure, or mechanical effect escaped him
;

and to the accuracy as well as to the number of his observations, we are indebted for

many of the most satisfactory proofs of the volcanic nature of the class of rocks under

consideration. In short, he well remarks :
" It is a mere dispute about terms to refuse

to the ancient eruptions of trap the name of submarine volcanos, for they are such in

every essential point, although they no longer eject fire and smoke 1 ." Following up

this train of research, the same author further proved, that granite was but one term in

the series of igneous products, tracing with scrupulous accuracy the passages from what

was formerly called primitive granite, to granitoid syenite, and syenitic greenstone, and

thence into greenstone, basalt, and lava
2
.

Such is a mere outline of the grounds upon which geologists have arrived at the con-

clusion, that trap rocks are of volcanic origin. In the course of this work, examples

will be first adduced of phenomena illustrative of the relations of intrusive trap ; or of

volcanic matter which has burst in irregular forms through sediment previously deposited

\

and pursuing the inquiry in subsequent chapters, it will be shown, that the greatest

fractures of these deposits have taken place on lines of volcanic eruption, or upon such

as are parallel to them, usually accompanied by considerable changes in the condition

of the strata thus penetrated. There is, however, another and a very ancient class of

1 System of Geology, vol.ii. page 114. See also this author's beautiful and instructive work on the

Western Highlands, with plates. Classification of rocks, &c.

2 Having alluded to the school of Scottish geologists, I have much pleasure in recording my sense of the

eminent services of Professor Jameson in classifying the trap rocks of his country. Imbued in early life with

the tenets of Werner, his first views, like those of all the pupils of that master, were necessarily opposed to

those here advocated ; but we must not forget that the opposing arguments of this skilful mineralogist led to

many of those discussions which have at length freed the subject of its obscurities ; whilst it is most creditable

to the candour and philosophic spirit of Professor Jameson, that being once convinced of the igneous origin of

trap, he joined issue with his former opponents, and has now become one of the most efficient expounders of

that theory.

Dr. Ami Boue (whose indefatigable research has led him at this moment into the Servian and Turkish moun-

tains,) will always occupy a place in the memory of British geologists, for having at an early period applied

his powers to describe the mineral structure of Scotland, and to endeavour to class its trap rocks (Essai Geo-

logique sur VEcosse) . Nor can we forget that Necker de Saussure was educated in the same school, and by a

work of his youth (Voyage en Ecosse et aux lies Hebrides) gave earnest of one day maturing into the author of

the Regne Mineral, (Geneva, 1836). With these brief allusions to what may be termed the history of British

trap rocks, I ought perhaps to advert no further to foreign writers who have enlightened us by their views,

but my vivid recollection of the energy and talent displayed by the Prussian geologists Oeynhausen and Dechen

in describing many of our insular igneous products, impels me to say that the comparisons drawn by them be-

tween these and rocks of similar structure on the Continent are striking proofs of the value of such inter-

national visits. (See Karsten's Archiv ; Inseln Skye, and other works). MM. Elie de Beaumont and Dufrenoy

likewise having made themselves perfectly conversant with our rocks, have drawn excellent and illustrative

parallels.
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trap rocks, which has been little adverted to by writers, and upon which I shall en-

deavour to throw some new light. These are the rocks named in the following chapters

" Volcanic grit," " Bedded and contemporaneous trap," and which I undertake to prove

were formed at the bottom of the sea during the accumulation of the sedimentary matter

with which they are associated, particularly in the lower strata of the Silurian System.

At one place these appear as currents or sheets of pure volcanic materials, at another

they envelope marine remains, pebbles, sand, and fragments of rocks. Some layers

consist of finely levigated volcanic scorise passing into sand $ and all these varieties

alternate so equally and repeatedly with beds composed exclusively of shelly and marine

sediments, that no doubt can be entertained that the diversified masses so arranged in

parallel strata, must have been formed during the same period of igneous action. In

the remote sera therefore of the Silurian System, the evidences of volcanic operations

are similar to those which Mr. Lyell has noticed in the modern deposits of Sicily,

where banks of existing species of marine shells, now at considerable heights above the

sea, are so interlaced with volcanic matter, that no other deduction can be permitted,

than that the whole of these masses were of contemporaneous submarine formation.

"We are therefore," adds that Author, " entitled to expect, that if we could obtain

access to the existing bed of the ocean, and explore the igneous rocks poured out

within the last 5000 years, beneath the pressure of a sea of immense depth, we should

behold formations of modern date very similar to the most ancient trap rocks of our

island
1 ."

In pointing out an analogy to existing nature in the bedded trap of a very ancient geo-

logical period, we also fix the chronology of one class of igneous rocks ;—for those of

intrusive character so predominant in these islands, are rarely capable of such a limita-

tion. We have often heard, indeed, of " coal measure trap," and " greywacke trap," as

if such rocks were formed during the carboniferous or greywacke periods, whilst in the

great majority of examples nothing is further from the truth. For instance, it will pre-

sently be shown, that basalt has penetrated and overflowed coal-fields, dislocating and
fracturing the strata, and therefore we know it must have been erupted subsequently to

their consolidation : but as the carbonaceous strata so affected are not covered imme-
diately by any newer deposit, at what period were they so penetrated ? Examples,

indeed, will be given, from which it may be fairly inferred, that the coal-bearing strata

have been forced up through once overlying red sandstone, and therefore that some of

the volcanic agents which disturbed these coal-fields were in action subsequently to the

sera of the New Red System. In the same manner trap will be shown to have pene-

trated new red sandstone, and reasons will be given for legitimately concluding, that

such eruption took place after the completion of the New Red System, and even pro-

bably of the Lias.

1 Principles of Geology, 4th edition, vol. iv. p. 254.



76 BEDDED TRAP IN CUMBERLAND AND WALES.

But if analogous proofs of this nature be sought from other parts of the island, the

great basaltic dyke which ranges from a focus of volcanic action near the sources of the

Tees, to Robin Hood's Bay on the coast of Yorkshire
1

,
intersecting all the formations

from the lowest coal-measures to the inferior oolite inclusive, affords the best example of

the impossibility of inferring the age of trap, from that of the sedimentary rock with which

it is found in intrusive contact. The observer whose researches did not extend beyond the

coal-measures, might assign the date of irruption to that formation ; while another exa-

mining the Yorkshire coast would prove that it was of an age posterior to the oolites.

Lastly, as if tending to exclude all limitation, the North of Ireland tells us that basaltic

and other trap rocks, even including syenite
9

, have been erupted through chalk, the very

youngest of our secondary formations ! Where then, we may ask, can the geologist

arrest his steps in deciding upon the age of many of these masses of eruptive trap ?

How can he venture to assert, that the very basalt which has flowed over the coal of

the Clee Hills, or pierced the coal of Staffordshire, was not emitted after the accumu-

lation of the most recent of our secondary rocks ? or that some of these eruptions may

not have accompanied those movements of elevation, by which even the youngest

tertiary deposits of our island were raised from the bed of the ocean ?

Whilst, therefore, it is always difficult, and often impracticable, to define the age of

some of the intrusive trap rocks, the more gratifying is it to retrace in other masses of

the same class formed anterior to the accumulation of the Old Red and Carboniferous

Systems, the clearest proofs of intermittent and repeated volcanic emissions ; for,

although they have been poured out in a period of high antiquity, we are still able to

read off in them distinct analogies to Nature's present operations. The types of the

Silurian System and the associated volcanic rocks have remained so clear, that the

geologist has in them a record never to be mistaken,—one which will enable him to

descend from their horizon into those deeper-seated rocks, amid which Professor Sedg-

wick has detected analogous relations ;
showing that in Cumberland and Wales there

are numberless bands of porphyry, interstratified with, and participating in all the

flexures of the slates, the whole of which have been subsequently pierced through by

other and intrusive masses of igneous origin. But although in these regions, the vol-

canic operations have been upon a grander scale than in the Silurian country, there is

not (I speak on the authority of my friend) , that clear demarcation between the pro-

ducts of fire and of water, to which I shall in subsequent chapters direct attention, the

whole mass of rocks being generally crystalline and altered (metamorphic) , and very

rarely presenting any traces of organic remains. And hence these regions are ill fitted

1 See an excellent account of this basaltic dyke and the associated phenomena by Professor Sedgwick, Trans.

Phil. Soc. Cambridge, vol. ii. p. 139.

2 Mr. Griffith discovered this phenomenon and announced it to the British Association at Dublin, 1835.

Subsequently Professor Sedgwick and myself visited the locality in company with Mr. G. See Geol. Proc, Phil.

Mag., vol. viii. N.S., p. 559.



DATES OF ERUPTIONS. 77

for elementary study, as it requires long practice to decipher correctly such dark pages

in the history of the earth.

To the phenomena, however, illustrating the stratified trap rocks of the Silurian

System, the reader will not be invited for some time, as he must previously accompany

me in descending order through many overlying deposits, till we reach the older Silurian

rocks, occupying the western part of Shropshire and adjacent parts of Montgomery-

shire, as well as large portions of Radnorshire ; districts which, (as far as my knowledge

goes) are unrivalled in the British Isles, for the number and clearness of the illustrations

bearing on this interesting point of inquiry. Let not my reader imagine, it is here

asserted, that contemporaneous and bedded trap rocks, similar in kind to those of the

Silurian System, do not sometimes exist in overlying formations
;
reasons, indeed, will

hereafter be adduced which favour the belief, that even in a part of the region under

consideration, rocks of this character have been elaborated during the carboniferous sera,

though not in the same striking manner as in the Lower Silurian epoch. The " trap

tufs" of Hales Owen, hereafter to be described, must either belong to this class,

or be Considered as regenerated deposits, the trappean ingredients having been derived

from preexisting and solidified masses of rock. This ambiguous point will be fully con-

sidered in the chapter on the Dudley coal-field. But in other parts of the kingdom the

secondary formations afford proofs of these phenomena. Thus, in Devonshire, Mr. De
la Beche has recently observed the existence of trap, which from its relations, he con-

ceives must have been ejected during the formation of the lower members of the New
Red Sandstone of that district

1

. Again, in the North of England, Mr. Hutton has at-

tempted to show, that the eruption of a large portion of the whin-sill or basalt of Nor-

thumberland and Durham was coeval with the carboniferous epoch, whilst another

portion of it has been demonstrated by Professor Sedgwick to be of comparatively

recent date
2

. Such examples are quite in accordance with natural laws ; and as our

field of observation extends, there can be little doubt, that the phenomena of bedded

and contemporaneous trap rocks will hereafter be recognised in many deposits of

different ages.

As this work professes to describe geological phenomena in descending order, or in

other words from the more recent to the more ancient, it might be expected that this

general view of their origin, would be immediately followed by a description of the trap

1 Geol. Proc, Phil. Mag., vol. vii. N.S. p. 513.

2 Hutton on the stratiform basalt associated with the carboniferous formation of the North of England, Trans,

Nat. Hist. Soc. of Northumberland, &c, vol. ii. p. 187.

Having examined a part only of the country described by Mr. Hutton, I cannot pretend to oppose my opinion

to that of one who has so ably explored the whole of it ; but as far as I saw them, the phenomena in the valley

of the Tees (High Force, &c.) appeared to me to support the views which Professor Sedgwick had previously

drawn from an examination of that portion of the tract in question. On this point, however, Professor Phillips

justly observes, " It is not necessary to suppose that only one submarine flow of basalt occurred, any more than

to confine it to one opening." Geology of Yorkshire, vol. ii. p. 85.

K
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rocks which in the map and sectional illustrations appear in immediate relation to strata

already described (the New Red System). I am, however, acquainted with one example

only in this region, where trap can be seen to have been intruded into the New Red Sand-

stone; and this intrusion having taken place on a line of ancient volcanic eruption, the

origin of which cannot be understood without a previous acquaintance with the history of

the Silurian System, the account of this new red trap dyke is necessarily deferred to a

subsequent chapter. In like manner, I postpone the consideration of those peculiar trap

rocks, which rising to the surface in the Abberley and Clent Hills and adjacent tracts,

frequently separate the New Red Sandstone from the coal-measures, for their relation

cannot be comprehended until the carboniferous strata with which they are associated

have been described. This class of trap rocks, though evidently of intrusive cha-

racters, yet carries with it unequivocal proofs of the period of its emission, and is,

therefore, a marked exception to the eruptive rocks previously alluded to, the age

of which is not bounded by clear geological limits ; for, as already briefly hinted at,

the syenites, porphyries, or other felspathic rocks of which these hills are composed,

were manifestly erupted before the accumulation of the greater portion of the New Red

Sandstone, since fragments of them occur abundantly in conglomerates near the lower

part of that system. On the other hand, as some of the adjacent carboniferous strata

are shattered and highly dislocated, ample proof is afforded, that these trap rocks

must have been thrown up, either towards the close of the carboniferous sera or during

the earliest period of the New Red System ; and thus we have a right to affirm that

the epoch of their eruption is fixed
1

.

After this digression explanatory of the rocks of igneous origin, we may again pro-

ceed to consider the stratified deposits in their regular sequence, commencing with the

upper surface of the carboniferous series, at which we had already arrived in descending

order
;
simply premising, that after the explanation here given, the description of trap

rocks, wherever they occur, will, in each succeeding chapter, follow the account of the

sedimentary deposits with which they are associated.

1 The reader will better understand the object of this chapter after consulting the small coloured sections II.

and III. which are placed upon the margin of the map.

The opposite sketch is taken from the upper part of Hagley Park, the seat of Lord Lyttelton, placed on

the north-western slope of the Clent Hills, one of the trappean ridges alluded to in the text ;
the Malvern

Hills, which are also of the same class, appearing in the distance. The Abberley Hills, or northern prolonga-

tion of the Malverns, are seen from the same spot, but can be included only in a panoramic drawing. The low

country or plain of Worcester is occupied by the New Red Sandstone described in the previous chapters.

I am indebted to Mrs. T. Phillips for this beautiful drawing.







CHAPTER VI

CARBONIFEROUS SYSTEM.

Introduction— Upper Coal Measures and Freshwater Limestone.

Introduction.

]My chief object in this and the next six chapters, is to convey a clear idea of the pro

minent relations of the carboniferous strata to the overlying and underlying systems,

and to furnish means of comparing these rocks in the region under examination with

those of similar age in other parts of Great Britain. Following up the inquiry com-

menced towards the end of the fourth chapter, I would first direct attention to those

tracts, where there are evidences of a passage downwards from the Lower New Red
Sandstone into the carboniferous strata. It will afterwards be shown, that the under-

lying formations of millstone grit and carboniferous or mountain limestone, are unpro-

ductive of coal ; and lastly it will appear, that the carboniferous limestone graduates

downwards into the Old Red Sandstone with as much regularity as the Lower New
Red Sandstone passes down into the upper coal measures. These general views are

explained in this wood-cut.
10.

a. Lower New Red Sandstone, with calcareous concretions described in the last chapter.

b. Upper coal measures with freshwater limestone.

c. Main coal.

d. Lower coal and ironstone.

e. Millstone grit.

/. and g. Carboniferous limestone and shale.

h. Conglomerate and sandstone, or upper formation of the Old Red System,

The various coal-fields will be described in the following order.

1. Shrewsbury. The carboniferous strata around Shrewsbury will be shown to con-

sist of a younger or upper zone, which immediately succeeding to the Lower New Red

Sandstone, contains within it a limestone of freshwater or estuary origin, peculiar to

the coal-fields of the central counties of England.

k2
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Coal Brook Dale. The account of this, the most productive of the Shropshire coal-

fields, will naturally follow, to show, that the thin or upper coal measures of Shrews-

bury, reappearing in this tract, are underlaid by lower and thicker carbonaceous

masses, containing many beds of valuable coal. Descriptions of the other detached

coal-fields of Shropshire will then be given in the following order. The Clee Hills

;

The Forest of Wyre, or Bewdley, and Oswestry.

Quitting the Salopian fields, and passing to the south, the small district of Newent, in

Gloucestershire, will claim a brief notice ; but the important coal basin of the Forest

of Dean will not occupy attention farther than by occasional references, since it has

been adequately illustrated by Messrs. Buckland and Conybeare, aided by the local

knowledge of Mr. Mushett 1

.

South-Welsh Coal-field, (Glamorgan, Monmouth, Brecon and Caermarthen) . No
detailed account will be given of any part of this valuable and rich basin, which has

been long under the examination of the Rev. W. Conybeare, for whose memoir every

geologist is looking with impatience ; but the boundaries of this tract will be alluded

to, their eastern, northern and western outlines having been accurately laid down on

the map, to indicate the great disruptions along the margin of the basin, and to show

the vast expansion of the carboniferous limestone between the South Welsh and

Bristol coal-fields.

We shall then proceed to the consideration of the Old Red Sandstone and Silurian

rocks ; the description of the coal-fields of Pembroke and Dudley being deferred to

future chapters, as the carboniferous strata in these tracts are so intimately connected

with the older rocks, that the history of the one would be unintelligible without a pre-

vious acquaintance with the other. In this manner, after a regular examination of the

whole succession of rocks, the complicated tracts of Pembrokeshire and Dudley, in

which so many different members of the series are intermixed, will be the more easily

explained ; clear comparisons being established between them, and unequivocal strata

in other parts. Thus carrying down our observations in descending order, the reader

will be first familiarized with the nature of those coal-fields, which, although they have

hitherto met with little attention, are not only of geological, but also of national in-

terest ; for as they are overlaid by the New Red Sandstone, so they may hereafter be

worked from beneath that system in several of the central counties.

But besides the regularly stratified deposits of shale, coal, sandstone, grit, and lime-

stone, of which they are composed, some of these coal-fields are perforated by trap

1 The outlines of this remarkable coal basin, so symmetrically surrounded by zones of millstone grit, carbo-

niferous limestone, and Old Red Sandstone, will be seen by reference to that part of the map which has been

coloured from the original work of Mr. Maclauchlan, of the Ordnance Survey, now deposited in the collection

of the Geological Society. I am indebted to this gentleman for much valuable information concerning this and

other adjacent tracts, and particularly in the delineation of the outline of a large portion of the South Welsh

coal-field, with the topography and geological structure of which he is most intimately acquainted.
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rocks, which, as before stated, will be described towards the end of each chapter to

complete the geological survey of the tracts in which they are found.

I have further endeavoured to explain the probable origin of the central coal-fields,

by observations scattered through the sixth, seventh, and tenth chapters, and particu-

larly at the conclusion of the eleventh chapter, in which we take leave of the carbo-

niferous tracts of Shropshire.

I, Upper Coal Measures and Freshwater Limestone, (b. of wood-cut, p. 67.)

By inspecting the map it will be seen, that the ancient rocks which compose the

Silurian and Cambrian Systems, ranging from Pembrokeshire on the south-west, termi-

nate on the north-east in a succession of promontories, more or less parallel, and of

unequal lengths, which form the southern, western, and eastern limits of the plain of

Shrewsbury. These promontories are fringed by a narrow, broken, and devious zone

of coal measures, extending from the Breidden Hills on the west, to the Wrekin on the

east, the base line or lower edge of which, is determined by the headlands and bays of

the ancient rocks. Sometimes, indeed, the carboniferous strata are so completely

isolated by these protruding inferior masses, that they consist rather of a number of

patches than of a continuous band. By this disposition, the coal measures repose un-

conformably and successively, upon rocks of various ages, from the flanks of which

they dip away ; and where not obscured by overlying drifted materials, they are seen

to graduate upwards into the Lower New Red Sandstone, passing at slight angles of

inclination beneath that formation. (PL 29. Figs. 3, 4, 5, 7 and 9.) The surface of a

large portion of the plain of Shrewsbury is represented in the annexed view, the various

ridges in the distance being composed of Cambrian, Silurian and Trappean rocks.

The low country consists of New Red Sandstone and coal measures, for the most part

overspread by a great thickness of gravel and detritus. Let us first examine the portion

of this tract which is productive of coal, and lies between the north-eastern termi-

nation of the Breidden Hills and Shrewsbury. The principal outcrop of the coal is in

a semicircular bay, of which Shrewsbury and Coedway are the eastern and western ex-

tremities, and the intermediate places where it has been worked, are Nobold, Wellbatch,

Aston, Pontesbury, Minsterly, Westbury, Woolaston and Braggington ; at most of

which places the strata have only a slight inclination towards a common centre. It has

already been stated, that the lowest strata of the overlying red sandstone at certain

points in this district are in contact with, and in some instances graduate into the coal

measures. This passage is seen at Wellbatch, Asterley, and Coedway. In these

situations the coal measures rest on one side against ridges of older rocks, and on the

other, dip in perfect conformity beneath the Lower New Red Sandstone. (See PL 29.

fig. 5.) From the arrangement of these beds, as seen near Nobold, where the New
Red Sandstone dips to the north-west, conformably with the inclination of the coal beds,
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no geologist could doubt, that the red rock immediately overlies the carboniferous strata;

and this conclusion has recently been established by sinkings, which having passed

through variegated shale of the Lower New Red Sandstone containing impressions of

plants, reached coal-bearing measures 1

. At Coedway, west of Alberbury, the opposite

extremity of the trough, the coal strata dip to the north-east, again passing beneath

red shale and sandstone, but the seams are of little value and have not been followed

upon the dip. (PL 29. fig. 9.) In most other portions of this trough there is no pos-

sibility of observing the precise relations of the coal measures to the overlying strata,

owing to an enormous accumulation of coarse detritus which overspreads the country.

The following account, therefore, of this tract is derived from observations made at

points where the coal has been worked along the tortuous line above indicated, and also

in the several bays and recesses of the older rocks to the south-east of Shrewsbury.

(See Map and view.)

Where most developed, this formation contains three seams of coal, which, in de-

scending order, consist of half-yard, yard, and two-foot coals. The quality, thickness,

and even the number of these beds vary in different places, but it may be stated as a

general rule, that the lowest or two-foot coal is the best, the middle and upper seams

being for the most part pyritous and of inferior quality, particularly the yard coal, usually

termed " Stinkers." These coal beds are separated from each other by red, green, and

black shale, and clod, some portions of which have a saponaceous feel, as if charged

with magnesia, and thus they bear some resemblance to the variegated shale or marl

of the overlying New Red System. The intervening argillaceous beds, containing

occasionally a bed of sandstone, are of unequal thickness in distant parts of the trough,

but at Pontesbury they amount to about fifty yards. Owing to the unequal thicknesses

of the overlying strata, and also to numerous dislocations, the coal seams are neces-

sarily reached at various levels, the depths of the shafts increasing with the distance

from the natural outcrop of the coal. The deepest pits, or those furthest from the

edge of the field, are about ninety- five yards, whilst the shallowest or those nearest to

the hilly sides of the older rocks are not more than ten or twenty. Wherever the

measures have been examined between Pontesbury and Westbury, the three beds of

coal have been found ; but to the westward of the latter place one of them appears to

thin out. There is, however, a considerable space along which no trials have been

made, and the old works at Woolaston have been so long abandoned, that no correct

information is to be obtained respecting them. At Braggington and Coedway, the

western termination of the field, there are only two beds of coal worth working, the

1 The trials alluded to were made by Mr. Hughes of Wellbatch, and the fragments of plants in the varie-

gated shale were recognised by Professor Lindley as being similar to those found in other coal-fields ; but un-

fortunately the specimens have been mislaid, and I am now unable to state their specific names. (See an ac-

count of plants found in red shale or marl above the coal measures of this age at Ardwick, near Manchester,

p. 88, note 1.)
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lowest of these, or the thin coal, being from about fifteen to eighteen inches thick.

The works at both these places are abandoned, those at Coedway having been wrought

during a period of twenty years. At Braggington a good deal of capital was recently

expended, but the thinness of the beds, their dislocations and high inclination, (close

to the edge of the trappean rocks of the Breidden Hills,) and their distance from any

good market, led to their abandonment. It appears, however, that the works were

conducted in an unscientific manner ; for there can be no doubt, that these beds of coal,

though thin, might, if well managed, prove of considerable use in this district in burn-

ing the contiguous limestone of the dolomitic conglomerate. (PI. 29. fig. 9.) The pre-

sent success of the pits at Westbury is indeed a proof of how much may be done by

spirit and assiduity.

" Freshivater Limestone."

The most remarkable feature in this coal-field, and one quite new to geologists when
I announced the discovery, is a .band of limestone, varying in thickness from three to

eight feet, which lies between the seams of coal. The following shaft section of the strata

at Pontesford shows its exact position, and explains the nature of the associated beds in

a part of the coal-field where they are perhaps most developed.
ft. in.

a. Gravel and detritus, thickness variable.

b. Various overlying strata of variegated shale, sandstone, clods, &c, with traces of lime

and ironstone. These are the beds of transition or passage from the Lower New
Red Sandstone. (See better detail of these beds at Wellbatch, p. 91.) 90 0

c. 1st or half-yard Coal, of good quality in some places near the outcrop, but generally

more pyritous and sulphureous on the dip 1 6

d. Poundstone and Crundall, i. e. variegated sandy shale, with traces of coal plants ... 60
e. Sandstone, in beds of from three to four feet ; a good building-stone 27 0

/. Reds, (stiff shale) , 6 0

g. White Clumpitty (whitish shale) 12 0

h. Lower Reds (mixed shale) 6 0

i. Limestone, in two beds, the lower one adhering tenaciously to underlying sandstone . 7 0

j. White Row I, yellowish white sandstone, with clods (clumpitty), &c 33 0

k. Mush, a coal smut of varying thickness 3 0

I. Black Clods, or finely laminated coal shale, with abundance of impressions of plants . 6 0

m. 2nd, or Yard Coal, usually termed u Stinkers ", being highly pyritous and impure . . 3 0

n. Clods, Sfc. as above, with a few thin laminae of coal and smut 54 0

Oc 3rd, or Thin Coal, the hardest and purest coal in the shaft , 1 4

255 10

The limestone, as appears by this section, is here about seven feet thick, and is divided

into two beds, the uppermost of which is a compact cream-coloured rock, slightly

argillaceous, with a splintery conchoidal fracture and dull lustre. The lower, though

essentially the same limestone, is cellular, the cavities being filled with crystallized

carbonate of lime and black bitumen, both viscous and compact, and veins of calcareous

spar and sulphuret of iron are also disseminated through it. On the first examination
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of this rock, I was struck with its strong resemblance to certain " lacustrine" lime-

stones of France and Germany, which by their imbedded organic remains are known
to have been formed under fresh water; and when I further discovered in 1832, that

nearly all the fossil remains in the limestone or the associated strata, might be referred

to terrestrial and fluviatile origin, one only being doubtful, I named it a "freshwater

limestone." (See Geol. Proceedings, Phil. Mag., N.S. vol. iii. p. 225.) I traced this cal-

careous band at intervals from Nobold, near Shrewsbury, to Asterley beyond Pontesbury,

always occupying the same place between the first and second coals, and varying very

slightly in mineral characters. At Westbury it thins out, but at Braggington, near the

western termination of the field, it reappears in a bed of about three feet thick. The

characteristic fossil of the limestone is a very minute discoid univalve, resembling on

first inspection Planorbis Nautilus, Fleming, and with this is associated a small bivalve

having the form of a Cyclas, and also a small Cypris. In addition to the above-named

fossils, the remains of fishes have been discovered, the most remarkable of which

is a new species of the genus Ctenodus of Agassiz, named by that author Ctenodus

Murchisonii
1

. Another fragment of a fish subsequently found in the shale above the

limestone by Professor Phillips, proves to belong to Megalichthys Hibberti. I here insert

a wood-cut illustrating the unpublished shells which are most characteristic of this

limestone in Shropshire.

A. 1. B. D. 1. D. 2. D. 3. D. 4. D. 5. D. 6. D. 7. 11-

A. 2. A. 3. C. D. 8. D. 10. D. 9.

A. Cypris inflata. A. T. A. 2. and A. 3. are magnified about twelve times.

This Cypris is obovate, smooth, and very much inflated : in the latter character it differs especially from all other known

fossil species.

B. Two representations of a transversely elongated, rather compressed shell, resembling a Cyclas : one of them is magnified.

C. A shell resembling Modiola from Ardwick near Manchester. This shell has not been observed in Shropshire.

D. Microconchus carhonarius. It is thus named until its characters are better understood; it does not appear to be chambered.

D. 2. to D. 7. are slightly magnified figures. D. 8. and D. 9. are highly magnified; over each of these, and at D. 1. are

representations of the natural size. D. 10. refers to two figures of the striated surface. D. 8. at * * shows the impres-

sion of the substance to which the shell has been attached. See further description by Professor Phillips, p. 88. In ex-

amining this shell Mr. Lonsdale perceived that it was probably the same as the minute shell figured among Martin's

Petrificata Derbiensia as Conchyliolithiis Helicites (pusillus, pi. 25.), and which is stated to be of rare occurrence in coal

shale at Chesterfield.

1 The fossil fish named Ctenodus Murchisonii by M. Agassiz was presented to me by the very Rev. Arch-

deacon Waties Corbett : a figure of this fossil may be seen in the Zoological Journal, vol. i. PI. 8. p. 252.
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The fossil plants which are found in the beds of shale of the Shrewsbury coal mea-

sures, and which occur in the largest quantities, are,

Shrewsbury Coal-field.

Cyperites bicarinatu. Lindley and Hutton, Foss.

Flor. vol. 1. pi. 43. fig. 1 and 2.

This remarkable plant, and several others of the

Shrewsbury coal-field, were sent from Le Botwood to

Dr. Buckland when I was examining the district, and

being communicated by him to Professor Lindley, were

figured in the Fossil Flora. I found numerous dupli-

cates. According to Professor Lindley this plant is the

first published evidence of the existence of Glumaceous

Monocotyledons in the coal measures, and he named

it Cyperites, rather from inability to match it with the

leaves of any other family, than from any conviction

that it really belongs to Cyperacece.

Lepidophyllum intermedium. Foss. Flor. pi. 43. fig. 3.

Supposed to belong to a plant allied to the coniferous

genus Podocarpus.

Lepidostrobus variabilis. Foss. Flor. vol. 1. pi. 11.

Considered by M. Ad. Brongniart to be an organ of

fructification belonging to Lepidodendron, and to be a

reproductive body analogous to those of recent Coniferee

and Lycopodiacece. Foss. Flor. pi. 43. fig. 3.

Lycopodites. Sternberg, Flor. der Vorw. pi. 17. fig. 3.

Leaf of a large Monocotyledonous plant.

Neuropteris cordata. Brongn. Hist, des Vegetaux

fossiles, p. 229. t. 64. f. 5. Foss. Flor. pi. 41.

Neuropteris gigantea ? Fragments of. Foss. Flor.

pi. 52. Ad. Brongn pi. 69. (Osmunda gigantea, Stern-

berg, tab. 22. Filicites linguarius, Schloth.)

Odontopteris obtusa. Foss. Flor. pi. 40. A new

genus so named by Professor Lindley from a Le Bot-

wood specimen. (Occurs in other Salopian coal-fields.)

Pecopteris abbreviata. Ad. Brong. Hist, des Vege-

taux foss. pi. 115. f. 1 and 4.

Pecopteris lonchitica. Foss. Flor. vol. 2. pi. 153.

P. blechnoides, Ad. Brongn.

This plant is also most abundant in the other Salo-

pian coal-fields of Coalbrook Dale, Clee Hills, &c. (See

wood-cut in the next chapter.)

Other Localities.

This species with several well-known and common

coal plants has recently been found in the culm-bear-

ing strata of Devonshire, which Professor Sedgwick

and myself are convinced belong to the true carboni-

ferous sera, and not to the grauwacke rocks as sup-

posed by former authors. See Proceedings of British

Association, 1836, and Anniversary Discourse of the

President of the Geological Society, Feb. 1837.

This leaf is intermediate between the Lepidophyllum

lanceolatum and L. majus of the Newcastle coal-field.

Jarrow Colliery, Newcastle-on-Tyne.

Bohemian coal-fields.

The same species occurs in the Lancashire coal-field,

and particularly in the upper coal measures at Ardwick.

St. Etienne and Alais in France. It is also found

in the culm-bearing strata of Devonshire.

Common to all the European coal-fields, also to the

culm strata of Devon.

Terrasson in France.

Near Bath in England, Anzin near Valenciennes in

France.

Common to all the European coal-fields
; figured by

Sternberg from those of Bohemia and Silesia, and by

Brongniart from those of France. In England it occurs

in the Northumberland, Durham, Bristol and South

Welsh coal-fields. It is also one of the most abundant

plants in the culm strata of Devonshire. In Devon

this species of Pecopteris is further associated with

Cyperites bicarinata, Neuropteris cordata, N. gigantea,

of the Shrewsbury coal-field, Poacites cocoina of the

Coalbrook Dale, and Lancashire coal-fields, Astero-

phyllites foliosa of the Newcastle, Catamites undulatus

of theYorkshire andBohemian coal-fields, w.dPecopteris

muricata, Brongn., from Valenciennes.



86 UPPER COAL MEASURES NEAR MANCHESTER.

Reverting to the consideration of the band of limestone above described, I may state,

that the geological interest attached to it has been much enhanced, by finding it in

various other localities near Shrewsbury, such as Nobold, Uffington, Le Botwood, &c,
occupying the same geological position, and interstratified with the same plant-bearing

shales, and seams of coal, and also by observing it, 1832, on the southern edge of the

great coal-field of Coalbrook Dale, where it has since been shown by Mr. J. Prestwich

to overlie the lower or rich coal-field of that tract, thus completely proving the zone of

coal measures in which the limestone occurs, to be the youngest member of the carbo-

niferous system, an inference indeed which I had deduced from many examples of trans-

ition between it and the Lower New Red Sandstone.

Upwards of three years after I had communicated my views concerning the fresh-

water limestone, to the Geological Society of London, certain carboniferous rocks at

Ardwick near Manchester were described by Mr. W. C. "Williamson, with notices of

numerous fossils which he had collected, (Phil. Mag., Oct. 1836). From the silence

of this author concerning my observations in Shropshire, it would appear he had been

unacquainted with them, and had therefore no suspicion that the calcareous rocks he

was describing, bore any affinity to this peculiar coal measure limestone. Professor

Phillips having visited Manchester when the Ardwick limestone was under examina-

tion, was furnished by Dr. C. Phillips and Mr. Mellor with a complete general sec-

tion of these beds. He at once detected the little microscopic shell so abundant in

that limestone, and recognised it as identical with the planorboid shell of the Shrews-

bury rock ; and following up his inquiries, he perceived other analogies of the organic

remains, which had previously escaped notice. By these researches, and by examina-

tion of the strata, it became manifest to him, that Dr. C. Phillips had rightly asso-

ciated these limestones and red marls with the coal formation, and that the fossiliferous

and calcareous coal measures of Ardwick near Manchester, were of precisely the same

age as those I had described near Shrewsbury. But other zoological interest was

attached to this limestone ; for as, in its extension to Manchester, it was found to be of

greater thickness, so it also proved to be richer in organic remains than in Shropshire.

Collecting a number of individuals of the little planorboid shell, Professor Phillips made

magnified drawings of them, with which he kindly furnished me for the illustration of

this work, and from which some of the figures in the preceding wood-cut have been

taken and prepared by Mr. J. Sowerby. To make the reader fully acquainted with all

the contents of this limestone in Lancashire, where it is so much developed, I annex in

the following page a description from the pen of Professor Phillips of the organic re-

mains it contains at Manchester, as extracted from a letter to myself. In the mean

time the following is a summary of the strata in which they are imbedded, constructed

from the original sections of Dr. C. Phillips and Mr. Mellor, the memoir of Mr. Wil-

liamson, and the personal investigation of Professor Phillips.
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New Red Sandstone and variegated marls {un-

conformable to the strata below)

Limestone...

Red and green argillaceous shelly marls

Limestone

Red and green mavis

Limestone (occasional)

Marls and shale r
,
&c, with calcareous courses

Limestone

Shale, &c

Coal and bass

Sandy shale

Main or great-mine limestone

Red marls with calcareous bands

Coal

Grit or great red rock, with micaceous marls

and Uniones

ft. in.

4 0

15 0

3 0

24 0

1 0

15 0

1 6

45 0

9 0

60 0

1 4

81 0

Coal 10

216 0

150 0

Berwick red rock (finely laminated and mica-

54 0

Shale 12 0

2 3^

Aqueduct rock.

Below the aqueduct rock the descending section exhibits

a great development of red grits, alternating with coal seams

in the following order.

ft. in.

Coal 0 10n

Rocks, &c 131 0

Fitzgerald's coal 2 0

Rocks of grit, &c 210

Coal (three-quarter) 2

Rocks 57

Coal (Buckleys) 4

Rocks 120

Yard coal, shells and Cypris in roof...... 3

Rocks, &c 60

Coal 2

Rocks 129

Doctor coal 1

Rocks 33

Coal 2

Rocks 126

Coal 0 10

Rocks 68 0

Coal 0 8.

n

0

3

0

0

0

0 K

Average specimens of the great mine or upper coal limestone at Ardwick, and the adjacent mag-
nesian limestone at Collyhurst., having, at the request of Professor Phillips, been analysed by-

Mr. H. C. Campbell, have given the following results 2
.

Carbonate of Lime

Carbonate of Magnesia

Alumina

Oxide of Iron

Loss

Ardwick,
. 84 .

2

4 .

5 .

5 .

Collyhurst.

.. 60

24

4

3

100 100

To Mr. Williamson's account of the Ardwick Limestone, Professor Phillips in the letter above

alluded to adds the remark, that the sections at different spots give different results as to the number
of beds of limestone

;—thus, in one shaft at Ardwick the place of the four-foot lime of the above

section is merely traceable, there being only three limestones above the main band ; while in another

pit, calcareous matter intervenes below the half-yard mine, at a depth at which in other works, the

1 Most of the red and green marls, shale, &c., of this section are described by Mr. Williamson as " Chinch,"

the local term of the miners. Few of them, I believe, are, strictly speaking, marls. In a section drawn by

Mr. Binney, and furnished me by Mr. Leigh, seven courses of limestone are marked.
3 The chemical properties of the Ardwick limestone were thoroughly understood by the late celebrated and

lamented Dr. Henry.

L 2
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strata consist entirely of argillaceous marls or sandstone. This indeed is quite what the geologist

would expect to find amid strata composed of such rapid alternations of marl, sandstone, grit, shale,

and limestone. Professor Phillips also alludes to the occurrence of reddish masses of silex in the

limestone, of which he says, " These will doubtless recall to your recollection several freshwater

limestones on the Continent." He then proceeds to give the following explanation of the nature of

the organic remains :

"The organic remains of this series are terrestrial, fiuviatile, and of doubtful origin. The plants

are all terrestrial, namely,
" Aster'ophyllites, one species; Calamites, two or three species (C, nodosus, according to Wil-

liamson)
;

Cyclopteris, one species
;
Lepidodendron, one species [L. Sternbergii according to

Williamson); JVeuropteris cordata (Lindley and Hutton, Fossil Flora; same species at Le Botwood)

;

Pecopteris, three species
;
Stigmaria Jicoides. Leaf of a monocotyledonous plant, similar to one

occurring at Le Botwood, Salop, with portions of other very narrow monocotyledonous leaves re-

sembling Noggerathia foliosa, some of which are brown, transparent, and elastic. These plants

occur in the shale, bass, &c, alternating with the limestones 1
.

" Shells. The most characteristic is a microscopic spiral shell of few volutions, which touch one

another like Planorbis when young, but when old are extended into a free tube like Vermetus or

rather like Vermilia. The shell is sinistral like Planorbis, but sometimes shows proof of being

attached on one side like Spirorbis. Lines of growth, strong, somewhat irregular, deficient in

parallelism, and oblique to the axis of the tube (D. 10.) as in Planorbis; faint spiral striae, can

just be seen. This shell, which I have identified with your Salopian planorboid shell, is also pro-

bably the same as a species I have seen from the coal measures of Fitzgerald's Colliery near Man-
chester, as well as from the lower part of the Yorkshire and Newcastle coal-fields." (See wood-cut,

p. 84. The figures D. 1. to 10. represent this shell Microconchus carbonarius
.)

" The only other distinct shell which I have obtained from the limestone looks so very like a

young Modiola that I hesitate to call it Unio. (Wood-cut, p. 84. fig. c.) It is a tumid little shell,

smooth, but with very distinct lines of growth, prominent beaks, and rather short straight hinge

lines. In the argillaceous beds associated with the limestones are three species of Unio. The most-

common of these is nearly elliptical; the hinge line deviates considerably from parallelism to the front,

and ends in a prominent angle; lines of growth strong, shell very thin, beaks slightly prominent.

Mr. Williamson has inaccurately referred this shell to Unio nuciformis. It occurs in the red beds

above the limestones, in the black bass, and in the underlying coal measures.

" The second species, which I named U. linguiformis
(
U. Phillipsii of Williamson), is transversely

elongated, three times as wide as long ; the hinge line deviates very little from parallelism to the

front lines of growth ; shell fine, very thin and smooth. This shell is found in the black bass.

The third species, which I named Unio rugulosus, is of obliquely expanded or semi-elliptical

form, the hinge line forming the diameter. Surface concentrically marked with broken undulations,

often showing radiations on the posterior slopes; shell exceedingly thin. Uniomdce of the same

1 Mr. Williamson, in the interesting memoir before alluded to, states the important fact, that in the red shale,

sixty feet above the main limestone, and therefore in the beds of transition between the Lower New Red and

the coal measures, Mr. Mellor and himself discovered many impressions of plants, among which were Calamites

decoratus, C, nodosus, Lepidodendron Sternbergii, Neurojjteris cordata, Stigmaria ficoides, &c. These plants

occur as nearly as possible in the position of the beds overlying the upper coal seam of the Shrewsbury field.
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species occur in the beds of mottled marls above the limestones, in the black bass or shale above

the main limestone, and in the shale beneath all the calcareous bands. Another bivalve found

in the black bass above the limestone is probably a Cyclas, and a singular bivalvular body, found in

the shale by Mr. Williamson, I would describe as most resembling Aptychus, being equivalved, with

a straight hinge the breadth of the shell, the anterior side rounded, the posterior truncate, two

diverging ridges from the beak, about twelve crenate furrows parallel to the margin, and all alike,

colour fine brown, appearance like a fish scale, the inside nearly smooth. Of Crustacea, I found

in the black bass one Cypris, having a very glossy shell of elliptical shape, and in prodigious

abundance, mixed with fish scales. Another species of Cypris I discovered in the roof of the yard

coal (see section, p. 870? probably the same as one I formerly found in the lower coal strata near

Halifax, and which also occurs in the coal-measures of the Tyne.

"Of vertebrated fossils the black bass contains abundance of fragments, chiefly belonging to Pa-
Iceoniscus Freieslebeni} of the Magnesian Limestone, and another species with plain scales, such as

occurs in foreign coal tracts. I also detected large scales of the beautiful large species of fish formerly

found in the coal measures near Leeds, and which is deposited in the museum of that town, and I was

still more gratified to detect in the main bed of limestone a considerable number of bones, which re-

minded me of reptile structure, together with portions of skin, continuous, beautifully striated, and

shagreened. My impression, that these were portions of a reptile, was strengthened by finding

large bones, possibly of the head, pitted and roughened very differently from the surface of the bones

found at Burdie House near Edinburgh, and at Leeds. Mr. Mellor has since found a jaw with

teeth very similar to Holoptychus Hibberti (Agass.). Mr. Francis Loomy discovered a tooth, pro-

bably of Ctenodus; and a splendid specimen of this genus perfectly identical with the C. Mur-
chisonii (Agass.) of Le Botwood, has been placed in the Manchester Museum by Mr. Miller.

The upper carbonaceous zone of Lancashire is thus identified by mineral characters and

by organic remains with the Shrewsbury coal-field, from which, however, it differs in

exhibiting a much greater development of limestone ; and with this increase of calcareous

matter, we perceive a corresponding increase in the number and variety of the remains

of animal life, particularly in the testaceous Mollusca, whose existence could not have been

prolonged without an adequate supply of carbonate of lime. Similar analogies of in-

creased numbers of fossil shells, where calcareous rocks prevail, will be pointed out in

the course of this work in other strata of much higher antiquity. It is further highly

interesting to observe in these rich fossiliferous beds of Manchester, the occurrence of

the Palceoniscus Freieslebeni?, a fish eminently characteristic of the Magnesian Lime-

stone, associated with some peculiar animal remains, and with many plants and other

fossils common to the ordinary coal measures, an intermixture which affords zoological

proofs, that the zone in question is made up of transition strata, connecting the New
Red and Carboniferous Systems. At the same time, (if the species be correctly deter-

mined) \ this discovery tends to modify one of the strongly defined stratigraphical cha-

racters assigned to fossil fishes by the researches of M. Agassiz ; for whilst occasionally

! I have requested Professor Phillips to send the specimens to London, and the result of their examination

will be announced in the Appendix.
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some few species in other classes of the animal kingdom are known to have lived on

through various successive periods, each species of ichthyolite is supposed by that author

to be peculiar to the formation in which it is found imbedded. Now, in the preceding

chapter, it has been shown, that the formation of the lower New Red Sandstone, having

a maximum thickness of nearly one thousand feet, is interpolated between the magnesian

limestone and the coal-measures, in both of which formations, thus widely separated, we
now find the same species of fish. It has, however, been my object to show, that no

violent interruption of the series of deposits of this age has occurred in Shropshire or

Staffordshire ; and hence we might well imagine, why under such conditions, animals

of the same species should have continued to exist during a very long period. But

at Manchester, the stratigraphical relations are different from those described in the

central counties ; the red sandstone and marls, including the equivalent of the magne-

sian limestone before mentioned, being ^conformable to the upper coal measures and

freshwater limestone : yet notwithstanding this dislocation, which interrupts the perfect

sequence of deposits, there is still a complete transition in mineral type and organic

contents.

After this comparison of the most interesting features of the Shrewsbury and Man-

chester coal-fields, I will now revert to the detailed description of other phenomena in

rocks of this age in Shropshire.

Although it has been stated that for the most part the strata in the Shrewsbury coal-field are

seldom inclined more than five inches in a yard, as at Pontesbury, there are exceptions to this

rule, particularly at the extreme end of the zone at Coed Way, where the coal dips at a high angle

beneath the oldest members of the New Red Sandstone and Dolomitic Conglomerate. Among
the numberless faults which affect the strata, the chief one at Pontesbury runs from north-north-

east to south-south-west and is a downcast of seventeen yards on the dip, whereby the limestone is

thrown down nearly to the level of the thin or lower coal. (PI. 29. fig. 8.)

As this zone of the coal approaches Shrewsbury it becomes thinner and more disjointed. It is

now worked at Ascot, and was in former times extracted at the Moat; a patch of it forms a broken

and elevated trough extending to Longden, where the coal rises to within a few yards of the surface,

but is not worked, and rests upon purple greywacke grits of the Cambrian system. The latter rock

here advances from the Longmynd and Linley Hills into the narrow promontory of Lyth Hill,

round which the narrow zone of coal-measures is folded, and occasionally rises, as at Longden, to

some height. This purple greywacke is the irregular base on which this part of the coal-field rests,

and hence the coal which occurs at one spot, in consequence of the older rocks lying at certain

depths, is cut out at other points by the protrusion of these ancient formations. Along the western

edge of this promontory the coal-measures as they advance towards Shrewsbury continue to be in

a very broken condition. The upper coal is the only seam which has been found in this quarter,

most of the old works at Wellbatch, the Moat, and Sutton having effected little more than clearing

away the basset edges of the mineral as it rose up on the sides of the underlying Cambrian rock.

Mr. Hughes of Wellbatch, however, has made, and is still occupied in making trials upon the dip of

these beds by which the coal has recently been won beneath the Lower New Red Sandstone. Though
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the shaft sections vary considerably in different parts of this tract, the following may be taken as

one of the fullest exhibitions of the measures sunk through at Wellbatch.

Yards, ft. in.

Portions of
f
Reddish clay 3 0 0

Lower -I Sandstone of dull brownish red colour > 3 0 0

New Red. [ Red and green shale with fragments of plants 20 0 0

Top rock (grey sandstone) 3 0 0

Curdled poundstone (a mixture of sand, clay, containing plants) 5 0 0

Kind clod (shale) 4 0 0

Coal 0 0 9

Poundstone 10 0

Kind clod 5 0 0

Coal 0 0 1

Curdled poundstone 10 0

Pour-yard rock, a greenish-white hard sandstone 4 0 0

Light-coloured poundstone 1 0 0

Clod 4 0 0

Coal 0 0 1

Poundstone 10 0

Clod 7 0 0

Coal, the uppermost seam of the other sections 0 1 8

Total 62 2 7

In this spot the limestone is no longer worked, but it has been reached beneath the

last-mentioned bed of coal, which is therefore proved to be the uppermost of the three

seams before mentioned. In sinking to the limestone, the shafts passed through a

course of small concretions of calcareous clay iron stone, called " Rattlers," in which I

observed nests and coatings of mineral pitch and veins of white calcareous spar. This

may represent one of the thin Manchester limestones. There being no natural denu-

dations in this district it is only from an occasional trial shaft, like this, that I have

had any opportunity of judging of the precise structure of the beds passed through, and

it is therefore probable that in the section at Pontesbury (p. 83.) and in other parts of

this coal-field, the overlying strata may contain other thin courses of impure concre-

tionary limestone which have escaped the notice of the miners, and if so the analogy

between the Shropshire and Lancashire beds may be still more complete, even to agree-

ment in mineral characters. Neither of the lower coals have ever been proved at Ascot,

the Moat, or at Wellbatch, though the limestone has been extracted to some extent at

Nobold. This portion of the field is indeed exceedingly dislocated, it being difficult

to find a spot exceeding a few yards in width, in which the strata are not full of faults.

This is specially observable on the sides and slopes of Lyth Hill, the promontory of

purple greywacke or Cambrian rock which has been alluded to, and which, as we shall

show, is penetrated in many points by trap rocks. Between Lythwood and the brook

at Wellbatch, a distance not exceeding half a mile, there are four principal upcasts

upon the dip of the strata, the greatest of which is a rise of forty, the least of about

eight yards. It is to be remarked, that, here the beds are inclined to the north-west,
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Passage from

Lower New-

Red into Coal

measures.

sloping away from the Lyth Hill promontory, so that between the coal works at Coed
Way and these near Shrewsbury the coal strata dip on three sides towards a common
centre. The coal which is worked at Uffington, three miles north-north-east of Shrews-

bury, is a beautiful illustration of the manner in which this zone, following the sinuo-

sities of the more ancient rocks, reappears at intervals upon their flanks, for there the

same purple Cambrian sandstone, as in the Longmynd, Lyth Hill, &c, (the most
ancient rock in this region and underlying the whole of the Silurian System) rises in

an insulated mural form constituting Haughmond Hill. The little patch of coal mea-

sures, occupying the low ground between that hill and the river Severn, contains the usual

freshwater limestone of the district, associated, however, with one seam only of work-

able coal, as proved by the following section.

Shaft section of the Coal-pits at Uffington.
Yards, ft. in.

Drift clay with boulders or red gravel.... 14 0 0

f Red clods 1
5 10

Poundstone 10 0

Red clods 2 0 0

Grey clods, dark colours above, light below 2 2 0

Poundstone , 10 0

Red curly rock...... 11 Q

Grey clod 2 0 0

Red rock with grey partings 2 2 0

Poundstone with some red (red marly clay) 1 1 1

.Bassy coal (mush or impure coal) 0 0 6

Poundstone 10 0

Coal 0 0 6

Poundstone both tender and strong 4 0 0

Hard white and brown rocks (sandstone) 3 0 0

Clumper beds, Rattlers (concretions), red and white clod 5 2 0

Mush, or impure coal 0 1 0

Limestone of similar structure and containing the same organic remains as that

of Pontesbury 10 0

Reds 5 0 0

Blue clods and roof of coal with plants 7 0 0

Coal 1 0 0

Poundstone
, 2 10

Beneath this lies a whitish sandstone rock with brown stripes and other measures overlying the

only bed of good coal, which is worked at a depth of thirty-five yards below the limestone.

In the works at Uffington an effort was lately made to find the lowest of the two coals,

which in so many parts of this district occur below the limestone ; but like the upper

coal it proved to have thinned out and disappeared, for at a few yards beneath the coal,

1 In this and other sections descriptive of shafts the sides of which were not open to inspection when I ex-

amined this country, I am compelled to use the terminology of the miners. The red clods here alluded to are

the argillaceous (often saponaceous) marls, which form the beds of passage from the Lower New Red into the

carboniferous strata.
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the trial shaft reached the purple schistose greywacke (Cambrian) inclined in nearly a

vertical position. A slight acquaintance with the mineral structure of this part of the

country would at once have checked the further prosecution of a work which had

reached the lowest rock, the fragments thrown up at the mouth of this shaft being

identical in structure with the adjacent rock of Haughmond Hill ; but notwithstanding

such palpable evidence the speculator continued to sink for fifty additional yards in these

ancient beds, and was surprised that no change of metal was met with, though the

youngest geologist would have told him that no change could occur where strata, of

infinitely older date than any connected with the carboniferous system, were in a vertical

position. To point out more clearly the folly of this and similar attempts I annex a

small general section of this little carboniferous patch, showing its relations to the ancient

and barren rocks on which it rests. (See section, PI. 29. fig. 6.) The coal strata here

dip north-north-west at a slight angle, and, as appears in the diagram, they are subject

to many faults, the chief of which run from north-north-east to south-south-west. From

Unington we must travel some miles to the east or south before we reach any other patch

of coal, the intervening tracts being occupied either by old Cambrian rocks rising to the

surface, or covered by the lower members of the New Red Sandstone and great accu-

mulations of gravel. It is probable, however, that on many points the coal has never

been deposited, since we occasionally see the Lower New Red Sandstone reposing

directly upon the older rocks.

One small deposit is found atDryton, on the south-western slope of the Wrefcin ; and in the more

superficial parts of it, near Longwood, coal was long ago extracted ; but it has more recently been

followed to a greater depth at the former place, where two seams are now in work. The shaft is

thirty yards deep, eighteen of which are sunk through overlying detritus of red sand and pebbles,

&c. The uppermost of the beds of coal is two feet, the lowest three quarters of a yard thick, se-

parated by clods and sandstone, and there are no traces of the limestone or of the third bed of coal.

The dip is three inches in a yard to the south-east.

On the south bank of the Severn, the bay formed in the older rocks between the ridge

of the Caradoc on the east, and Lyth Hill on the west, abounds with carboniferous

patches, which vary in the amount of their productiveness, precisely in the ratio of the

depth at which the underlying rock is found. For example, at Cound, Pitchford, and

other places, where these old rocks (Upper Cambrian) occasionally protrude to the

surface, the adjacent carboniferous strata are mere shreds, sometimes covered by the

newer Red Sandstone, but towards the centre of the trough the coal strata thicken, and

at Le Botwood, near Longnor, we again meet with nearly the same development as in

the Pontesbury field. These beds dip east-north-east 10° or away from the contiguous

promontories of older rocks. The shaft at Le Botwood is sixty-three yards deep, passing

through shales, limestone, and coal. The shale or roof of the coal is particularly rich

in plants, and those which I collected were identified by Professor Lindley and form part

of the list previously given.

M
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The limestone at Le Botwood is extensively burnt for lime and is identical with that

of Pontesbury and Uffington, containing also the Microconchus carbonarius. It is

about two yards thick and lies from eighteen to twenty yards below the surface. A
three-feet bed of coal, found at eleven yards below the limestone, is of a sulphureous

quality ; and six yards still lower is a seam, twelve inches thick, of good coal. In

the limestone, besides the usual shells, the remarkable species of fish Ctenodus Mur-
chisonii (Agassiz) was found by the very Rev. Archdeacon Waties Corbet ; and Pro-

fessor Phillips detected, in the shale, remains of the Megalichthys Hibberti, &c. On
the western edges of this bay, amid the older rocks, coal has been worked near Pul-

verbatch, Wetrains, &c. ; and on the eastern side it has been detected, and was
partially worked in former days, running up in small transverse valleys towards the

Caradoc and Acton Burnell hills. One of the most curious of these thin patches is

displayed on the west bank of the brook at Pitchford. The whole carboniferous series

is there represented by a bituminous breccia, from ten to twelve feet thick ! which is

partially covered by the New Red Sandstone, and rests upon the highly inclined edges

of a greenish greywacke sandstone (Cambrian rock), similar to that of the Longmynd. 1

The highly inclined edges of these Cambrian rocks, which rise to the height of only

from twenty to thirty feet above the brook, are, on the western side of it, covered with

the carboniferous breccia arranged in horizontal layers ; but as the works were abandoned

when I visited the spot, I could not observe the junction between these beds and the

inclined edges of the older rocks. This breccia is composed of fragments of the under-

lying Cambrian rock, on the surfaces of which are casts of ferns and other coal plants,

the whole being cemented by bitumen and decomposed sandstone. The beds were

formerly much quarried, and the breccia being transported to Shrewsbury, and there

subjected to heat, a liquid bitumen was extracted, which, when prepared, was sold as a

medicine under the name of " Betton's British Oil." Contiguous to this quarry is

a well, on the surface of which is a constant accumulation of bitumen exuding from the

adjoining strata. It will hereafter be shown that where points of trap rocks penetrate

the adjacent strata of the Cambrian system there are frequently bituminous exudations

near the points of contact.

From the preceding details respecting the carboniferous deposits near Shrewsbury,

it appears, that the coal was formerly worked in those spots only where it actually rose

to the surface ; and that, even at the present day, the speculation has not extended to

any considerable distance beyond the mere outcrop. In the small irregular troughs at

Longnor, Uffington, Longden, Le Botwood, Pitchford, &c, where it is evident from the

nature of the sides of the trough, and also by the shallow depth at which the Silurian

and Cambrian rocks are met with, that no coal can exist, further trials would be absurd.

1 I consider the green hard greywacke sandstone in the Pitchford Brook, on which the coal breccia lies un-

conformably, to be a part of the upper Cambrian System prolonged from the Longmynd. (See Map.) In the

brook Mr. Aikin remarked the intrusion into the schist of a green stone trap.



PRACTICAL HINTS CONCERNING THE SHREWSBURY COAL-FIELD. 95

An examination, however, of the country on the south bank of the Severn has convinced

me, that coal may be profitably extracted to a certain extent in the tract lying between

the Pontesbury and Asterley coal-pits, and the escarpments of the dolomitic conglo-

merate, and Lower Red Sandstone of Cardeston and Alberbury. Trials in this district

or in the adjoining tract, south-west of Cardeston, could be made at small expense, it be-

ing highly probable that if the coal measures are not cut off by the rise of older rocks,

which is discountenanced by the form of the country, they are only covered by the

thick accumulation of gravel and argillaceous clay which overspreads this depression.

At the same time that we give apparent good reasons for finding the thin or upper

coal strata within a limited area, it is fair to state, that practical observation militates

against the supposition of any great expansion of coal beneath the Lower New Red
Sandstone on the right bank of the Severn, In no one of the present works does it

appear that the seams of coal become thicker or increased in number when followed

downwards on the dip. And although these trials have hitherto proceeded to so short

a distance, that no very decided conclusions can be drawn, yet it must be allowed that

they weaken the supposition of the thin or upper coal-measures graduating downwards

into richer fields. We might, indeed, surmise that this zone of coal, which, judging from

the nature of the limestone, was probably accumulated in a lake or near the mouths of

rivers, has merely resulted from a very partial accumulation of vegetables upon its shores,

and that beyond the drift or range of these small gatherings of wood we should look in

vain for a mineral formed out of such materials. It might also be said that as these

carbonaceous zones of the plain of Shrewsbury differ so essentially from the largely pro-

ductive tracts of coal in the absence of the underlying deposits of carboniferous lime-

stone, millstone grit, &c, we ought rather to presume, that the mineral thus wanting in

its accustomed associations would be feebly developed. On the other hand, it may be

contended, that according to analogies elsewhere, carbonaceous matter formed upon the

natural edges of such a basin would naturally thicken towards its centre
;

or, in other

words, that as a certain amount of vegetable matter had been accumulated upon the

shores of these ancient rocks, still larger quantities were probably washed down their

shelving sides into the depths of a capacious bay or estuary, on the opposite limits

of which we actually meet with other and highly productive coal-fields rising from

beneath a cover of New Red Sandstone. I do not throw out such suggestions as an

inducement to proprietors, north of Shrewsbury, to endeavour to penetrate the thick

and massive deposits of which the overlying New Red System is composed
;
although

it is by no means impossible that a coal-field may there lie hidden, which when the

more accessible coal strata in other tracts shall have been exhausted, may prove of

value to future generations. Such an inference is rendered more probable by the obser-

vations in the next chapter, which show, that a band of coal measures of the same age,

passing similarly upwards into the New Red Sandstone, and containing a limestone iden-

tical with this of the Shrewsbury plain, distinctly overlies the edges of the most productive

m 2
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of all the Salopian coal-fields ; and hence it is no strained inference that carbonaceous

masses equally thick may also be found expanding beneath this upper coal of Shrewsbury,

though most probably at some distance from the outcrop, and if so, necessarily at vast

depths under the New Red Sandstone of the plain of Shrewsbury. Observations leading

to similar inferences, and extending their application to other extensive tracts in the

central counties, will be found in subsequent chapters. Again, however, I would repeat

that much caution and many preliminary trials towards the edges of this great basin are

required before such speculations are attempted, since it is one thing for the geologist

to show the natural position of the coal , and another for the miner to determine where

it has been locally accumulated in any quantity worthy of the industry of man. This

latter point may be most safely ascertained by following the coal seams upon their dip

from the points where they are now known, and if they continue to thin out in their

extension beneath the red sandstone, then, indeed, deep sinkings in the central parts

of the basin north of Shrewsbury would be absurd. The proofs which will be adduced

in the eleventh chapter, of the thinning out of the coal seams of the Oswestry field where

they dip under the Lower New Red Sandstone, point to the necessity of much circum-

spection in all such operations.

Passing from these practical hints, I would conclude with a few general theoretical

reflections. These poor and thin stripes of coal measures have been dwelt upon in some

detail, and similar patches will again be adverted to in the following chapter, on account

of their peculiar character and high geological interest, in aiding the proofs of a de-

scending passage from the Lower New Red Sandstone into the Carboniferous System.

Constituting the youngest member of that system, they fill up an interval in geological

chronology, precisely in that portion of the series in which much obscurity previously

existed ;
for, with the exceptions in the North of England pointed out by Professor

Sedgwick 1

, it was the prevalent belief of geologists when my researches commenced

(1831), that in all other parts of England a great break existed between the New Red

System and the coal measures, the phenomena of disruption in the environs of Bristol

being assumed as the true types or patterns of the general order. These upper coal

measures of Shropshire are further remarkable in bringing to light, for the first time in

Great Britain, a peculiar limestone interstratified with coal seams, and which from its

prevalent organic remains and mineral composition I have referred to freshwater origin.

Though never exceeding eight or nine feet in thickness, and sometimes dwindling away

to two feet, this band is so remarkably persistent, that when followed along all its

sinuosities the length of its course is about forty miles ; and even in a straight line from

Coedway, near the Breidden Hills, to Tasley and Coughley, near Bridgenorth, where it

will presently be described, the distance is not less than twenty-five miles ; and yet

throughout such a space this little stratum preserves the same structure, and contains

1 See Geological Transactions, vol. iii. part I.



ORIGIN OF THE UPPER COAL MEASURES. 97

the same microscopic shell, Microconchus carhonarius. The subsequent discovery by
which the limestone of Ardwick, near Manchester, was identified with it, has given to

this stratum a considerable additional importance, in carrying out over so wide an area

the evidences adduced in this volume of the passage of the coal measures beneath the

New Red Sandstone of the central counties
1

. Besides the zoological proofs of this lime-

stone having been formed in fresh water, I have already stated, that in mineral characters

it strongly resembles the lacustrine limestone of central France, and I may now add

that the origin of the rocks in the two countries is probably connected with similar

causes. For as Auvergne is a region which has been eminently subjected to volcanic

action during past ages, so its extensive formations of finely levigated limestone are sup-

posed to have been the produce of hot springs (the usual attendants on volcanos), holding

calcareous matter in solution, and depositing it amid the fine silt of ancient lakes. In

like manner the whole of the surrounding region of Shropshire, in which this limestone

occurs, is absolutely perforated by intrusive rocks of igneous origin, (see Map) ; and

hence it is a fair deduction, that the peculiar limestone of this tract may likewise have

been the result of volcanic hot springs. Other analogies will strike those to whom the

phenomena in central France are familiar, such as bituminous exudations and sources

of mineral pitch which issue from the surface at those points where eruptive rocks pro-

trude ; but these comparisons belong more properly to subsequent chapters. Difficult as it

may be to reconstruct in imagination the condition of the surface of this part of our

island during the period of the coal formations, the limestone and associated beds

(whether formed exclusively in pure fresh water or in bays in which fresh predominated

over salt water) afford convincing proof of the existence of neighbouring dry land, from

which rivers flowed, transporting terrestrial vegetable remains, and entombing them with

shells, the greater part of which must, unquestionably, have lived in fresh water. That

such streams, however, were near the sea, and that in fact they soon passed into estua-

ries, will be presently rendered evident by details of the undeniable alternation and in-

termixture of freshwater, terrestrial, and marine remains in Coal Brook Dale, which

tract, though only distant a few miles from that under consideration, exhibits a vast

expansion of the carboniferous strata; thus leading us to suppose, that whilst the Shrews-

bury deposit has been simply formed by streams issuing from the Cambrian and Silurian

region, and giving rise to lakes to which the sea had little or no access, the greater car-

bonaceous masses of Coal Brook Dale have been accumulated by the same waters where

they united to empty themselves into an estuary
2

. The north-eastern edges of this

1 Mr. Greenough informs me that he has observed a bed of limestone interstratified with coal in Warwick-

shire which he considers to be of the same age, but he has not observed any organic remains in it.

2 A point of high comparative interest attached to these coal-fields of the central counties, is that they

contain fossil fishes, mollusks and entomostraca, identical with or closely allied to species abounding in the

rich fossil accumulation at Burdie House near Edinburgh, the description of which by Dr. Hibbert justly

excited so much attention. Though not, perhaps, quite so copiously charged with] organic remains as
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great marine bay were formed near Manchester, its western margin being marked by
the zone of -carboniferous limestone which bounds the coal-fields of Oswestry, Chirk,

and Ruabon. An inspection of a general geological map of England will indicate the

extent of the area, which now appears as a vast trough of New Red Sandstone encircled

by carbonaceous deposits. (See wood-cut 4. p. 25.) Further observations upon the

origin of these coal-fields occur in the ensuing pages, particularly in the concluding part

of the eleventh chapter, where a small map will be found, explanatory of the probable

physical geography of this region during the accumulation of the carboniferous de-

posits.

the Scotch deposit, the Salopian and Lancastrian strata afford proofs which do not exist in Scotland of their

geological place in the order of formations. In England they have been shown to constitute the youngest

carboniferous zone, because they graduate upwards into the New Red System. Now, if we are to be guided by
the nature of the fossils, we might be disposed also to infer that the beds at Burdie House, where no such strati-

graphical proofs exist, and which were once supposed to be of great antiquity, represent after all one of the

youngest accumulations of the carboniferous system. At all events, if we look at the question on a broad scale,

it is manifest from the position in which the Burdie House fossils have been discovered, not only in Lan-

cashire and Shropshire, but also in Staffordshire, that they appertain to those coal measures which overlie the

Millstone grit. (See chapter on the Dudley coal-field.)

Mr. Leonard Horner has shown (Edin. New Phil. Journ., April, 1836,) that the mixed nature of the organic

remains at Burdie House compel us to suppose, that the carbonaceous strata at that place were accumulated in

an estuary and not exclusively in fresh water, although their contents had doubtless been poured forth by

streams. This subject will be beter understood after perusing the following pages, particularly the conclusion

of the eleventh chapter.



CHAPTER VII.

COAL-FIELD OF COAL BROOK DALE.

Upper Coal and Freshwater Limestone.—Lower Coal or productive Coal and
Iron field.— Carboniferous Limestone.— Trap Rocks and Dislocations.

FROM the thin and slightly valuable carboniferous tracts around Shrewsbury we now
proceed to the consideration of the great productive coal-field of Shropshire, in which
are found nearly all the members of the carboniferous system. Geologists owe their

earliest knowledge of this coal-field to an interesting memoir by Mr. A. Aikin, published

twenty-six years ago in the first volume of the Geological Transactions 1

; and recently

a fresh mass of most instructive and curious information respecting it has been brought
forward by Mr. Joseph Prestwich. As soon as I found that the last-named geologist

was assiduously studying the structure of this remarkable district, I willingly referred

all details to his enterprise, being aware that the region over which my inquiries ranged,

was too large to permit of minute attention being paid to the intricate relations of this

highly dislocated tract. To his forthcoming memoir in the Geological Transactions I

therefore refer such of my readers as may require precise detailed knowledge, confining

my own observations chiefly to the general features of the carboniferous strata and their

relations to the surrounding deposits.

Occupying both banks of the Severn at Madeley and Broseley, the principal and most
productive portion of this field spreads out to the north of that river in a large trian-

gular-shaped mass, the apex of which terminates at Lilleshall. (See Map.) To the

south it is flanked by the Old Red Sandstone and upper Silurian rocks ; to the west by
a thin zone of the lower Silurian rocks and by the trap rocks of the Wrekin and Ercal

Hills. Throughout more than two thirds of its circumference, i. e. to the north-west

and east, this tract is bounded and overlaid by the Lower New Red Sandstone ; but the

passage from the coal measures into that formation is not so clear as in the Shrewsbury

1 Mr. A. Aikin had prepared a vast quantity of geographical data, illustrating the structure of this tract,

which he lent to me. With his permission I subsequently placed the maps in the hands of Mr. Prestwich,

who has made an excellent use of them. His inquiries commenced after I had pointed out the stratigraphical

and zoological distinctions between the carboniferous and Silurian limestones of this neighbourhood, (Steer-

away, Lilleshall, Wenlock, &c.)
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field, being generally obscured by accumulations of drifted matter, or rendered difficult

of investigation by the numerous faults which run along the boundaries. To these

obstacles we may add, that no attempts like that of the Earl of Dartmouth (p. 58.) have

yet been made to follow out the coal beneath the red sandstone. If, however, we make

a transverse section from the coal works at Donnington across the hills on the east, and

pass near to Lilleshall Abbey, we see that where the works are nearest to the line of

red sandstone, the coal strata dip to the east or beneath the adjacent sandstone. This

coincidence of inclination in the red sandstone and coal measures may be observed at

several points between Lilleshall Abbey on the north (see section, PI. 29. fig. 15.), and

Prior's Lee on the south. Between Prior's Lee and the banks of the Severn near

Madeley the boundary is still affected by faults, but at Rowton near Broseley Mr. Prest-

wich has detected a passage from the upper carboniferous strata into the Lower New
Red Sandstone, similar to the one described in the Shrewsbury field. The same relations

are seen on the edge of a thin and broken zone of carbonaceous strata, which describing

a tortuous outline, ranges by Coughley to the Wren's Nest upon the right bank of the

Severn, and is thence deflected by Coal Moor into a low ridge extending from High

Trees to Tasley. At Tasley a single thin bed of impure and poor coal is worked by

windlasses, at depths varying from twelve to thirty yards. In the overlying strata is a

bed of limestone about three feet thick, identical with the freshwater limestone of the

Shrewsbury field. A section of these beds exposed in an open work near Tasley gives

the following succession. (PL 29. fig. 12.)

ft. in.

Green and yellow shale, decomposing to stiff clay, passing into a thick ferrugino-calcareous layer 6 0

Limestone, compact and cream-coloured, with Microconchus carhonarius and Cypris. (The rock of Pon-

tesbury and Le Botwood, see pp. 94 & 97 3 o

Blue and grey shale 3 o

Sandstone of greyish colour with carbonaceous matter and fragments of plants 4 0

Blue bind or carbonaceous shale forming the top of coal 2 0

Smut or impure coal 0 6

Clod or argillaceous shale 0 2

Coal 1 4

Stiff mottled red and green shale, depth unproved.

This coal contains in some parts thin laminae and veins of white calcareous spar.

It is further to be observed that much of the carbonaceous matter is in an uncon-

solidated state, exhibiting the matted fibres, leaves, and stems of the plants. This

structure, indicating an intermediate stage in the formation of coal, is not of un-

frequent occurrence in the upper secondary and tertiary carbonaceous deposits in va-

rious parts of Europe ; and although not often seen in the most ancient coal, I have

observed it in other parts of Shropshire and also in the Dudley field.

The upper coal measures, reposing upon the Old Red Sandstone of Aldenham and Shirlot, dip

to the east, an inclination which would carry them directly beneath the Lower New Red Sandstone

of Cantern Bank and Astley Abbots if they were not met by the prolongation of what Mr. Prestwich
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has termed the main fault. Thin patches of coal, similar to that of Tasley, occur at Caughley and

at Kingslow, in both of which places the same band of limestone, four to five feet thick, occurs

overlying the lower coals and rising almost to the surface. The beds dip to the east at Kingslow and

to the north-east at Caughley, and on the whole may be said to have a slight easterly inclination.

We thus find this very remarkable band of freshwater limestone in situations more

than thirty miles from its western termination near the Breidden Hills, again associated

with coal and passing upwards into the Lower New Red Sandstone ; and hence it is

clear, as inferred in the last chapter, that we must consider the zone to which this lime-

stone is subordinate, as the youngest member of the carboniferous series. Neither the

coal, limestone, nor any one of the associated strata in these deposits is of great per-

sistency, hut each of them thins out and reappears at intervals. The poor and detached

coal-hearing strata to the south of Bridgenorth, which dip away from the Old Red Sand-

stone, and have been already alluded to as rising conformably from beneath the Lower

New Red Sandstone of Chelmarsh, are for the most part of the age of those at Tasley

and Caughley, and will be subsequently described in conjunction with the coal measures

of the Forest of Wyre 1

.

Lower Coal measures or productive Coal- and Iron-Jield.—After this supplementary ac-

count of the strata composing the upper coal measures described in the previous chapter,

and to which the attention of geologists has never yet been sufficiently directed, the fol-

lowing very brief sketch of the lower or great productive mining portion of this valuable

tract may be sufficient
;
for, it is not easy to give a very precise notion of the structure

of this portion of the field without entering into a variety of details foreign to my
purpose. The labours of Mr. Prestwich, however, teach us, that the mineral cha-

racters of the same strata often change completely within very short distances, beds

of sandstone passing horizontally into clay, and clay into sandstone ; that the coal seams

wedge out or disappear ; and that sections at places nearly contiguous, often present

the most marked lithological distinctions. These observations, which coincide with

my own in various other coal-fields, demonstrate the hopelessness of determining the

respective ages of such rocks in different localities by shaft, sections, or a mere com-

parison of their mineral characters. Even the coal itself constantly tapers away and

disappears amid the shales and sandstones, constituting what are locally termed "Symon-

faults," the character of which, as distinguished from true faults, is explained in the

1 Mr. Prestwich has informed me that a shaft has recently been sunk near Broseley, which after passing

through ninety yards of slightly productive upper coal measures, reached a bed of limestone four yards thick,

identical in structure with, and containing the same microscopic shells as, the Shrewsbury limestone. (April,

1837.)

It would seem from Mr. Prestwich' s observations that the small patch of carboniferous sandstone and shale

with a thin seam or two of impure coal which occur at Shirlot on the southern edge of Willey Park, sur-

rounded by and reposing on the Old Red Sandstone, does not belong to the upper but to the lower coal

measures. The sandstone on which Shirlot monument is built is a good example of the lithological structure

of many of the lower coal rocks.

N
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annexed wood-cut. The vertical or highly inclined lines (a.) (a.) are true faults, the

ends of the coal seams (6.) (&.) are " Symon " faults.

12.

A section of the Hill Lane Pits near Madeley may be given as an instructive example of the suc-

cession in one spot where the strata are pretty fully developed. In a shaft two hundred and thirty

yards in depth, we are presented with twenty-one carbonaceous beds, of which the eleven upper-

most are sulphureous and impure. Upper coals, similar to those at Caughley and Tasley, alternate

with clays, marls, sandstones both argillaceous and calcareous, and with calcareous breccia or con-

glomerate. Some of these beds may represent the upper coal measures of Manchester. The lower

coals, or those extracted for use, which in this shaft are reached at a depth of about one hundred

and ninety-eight yards, are named in descending order.
ft. in.

1. Viger Coal 1 8

2. Two-foot Coal 1 8

3. Little-Ganey o 7

4. Lower-Ganey 1 6

5. Best Coal 2 5

6. Randle Coal 2 8

7. Clod Coal 1 4

8. Little Flint Coal 2 6

9. Coal under Crawstone 1 0

10. Lancashire Ladies' Coal 0 9

Total of good Coal in this shaft 15 11

In the above list the beds which separate the seams of coal are omitted.

The following table will explain to the reader how little the beds of coal are persistent,

and how much they vary in their dimensions in different parts of the field, the united

thickness of the mass of coal in any one shaft never being dependent upon the number

of the seams.

Pits. Thickness of Coal. No. of beds of Coal.

yds. ft. in.

Hadley 15 0 0 16

SnedsHill 14 2 2 12

Malinslee 11 0 10 13

Langley 11 2 6 11

Dawley 14 0 0 16

Lightmoor 13 2 0 17

Madeley 1 10 2 10 24 (21 to 24.)

Broseley 7 0 9 13

The ironstone so largely worked in this field is both concretionary and flat-bedded, but for the

1 In this table all the coal seams, of whatever quality, are enumerated. In other sinkings, as at Madeley

Meadow Pits, as many as twenty-seven seams of coal of pure and impure quality have been passed through.
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most part in the former condition, and the various courses of it are known under these names : New
Mine (peculiar to Madeley) Crawstone, and Pennystone, occurringgenerally : White and Blue Flats,

in the north and middle districts ; Chance Stone and Yellow /Stone, in the middle tract ; Ball stone,

B?*ick stone, and Blachstone, in the northern district. The Ragged Robins and Chance Pennystone

are of irregular occurrence. Of these twelve courses of ironstone more than seven are never

found in one locality. In taking a general survey, it may be said, that both the coal and iron are

much more abundant in the northern than in the southern part of the field. Mr. Prestwich has

indeed remarked the difficulty of identifying any particular stratum of the upper portion over a con-

siderable area, whilst he has found the lower measures stronger and more persistent. Among the

various rocks which alternate with the coal and iron, the stone of the Willey or Shirlot obelisk is an

example of a coarse variety, while the sandstone occurring immediately above the u
flint coal is of

remarkably fine quality for architectural purposes, the monument erected to the late Duke of Suther-

land on Lilleshall Hill being built of it. Some of the grits associated with the lower coals pass

into coarse conglomerates containing fragments of quartz rock, trap, Silurian and Cambrian rocks

;

and in the lower measures some of the beds of shale afford excellent fire clay, long celebrated in

the manufacture of pipes and pottery.

The ores of iron are peroxides in the sandstone, argillaceous carbonates in the shale, and sulphurets

in the coal. The sulphuret of iron is the most abundant mineral, and next to it the sulphuret of

zinc or blende, which appears in the ironstone nodules of the Pennystone measures both in granular

and crystalline form. Petroleum is of constant occurrence in the upper as well as lower measures ', the

chief source of this mineral at Coal Port, which formerly afforded one hogshead per diem, being in

a thick-bedded sandstone of the upper measures. This supply has, however, much decreased with

the opening of the new coal works. Other tar wells have been discovered in the lower coals at

Prior's Lee. In some pits, as at Dawley and the Dingle, the petroleum exudes in such quantities

that the works are necessarily boarded up or "plated" to prevent its infiltration upon the workmen.

Besides these minerals titanium exists in the iron ore, crystals of it having been detected in the refuse

slags.

The general relations of the carboniferous deposits to the contiguous formations are

explained in PL 29. figs. 11 and 16.

Organic Remains.

To the zeal of Mr. Anstice, of Madeley, in collecting the varied and curious or-

ganic remains of this coal-field, geologists are signally indebted. Although acquainted

with the riches of his stores, the use of which he liberally offered to me as far back as

the year 1832, 1 felt that these numerous and beautiful specimens merited the attention

of a separate historian. Shortly after, the district falling under the notice of Mr. Prest-

wich, the desired object was attained, and all the most characteristic of the unpublished

fossils will, I trust, shortly appear in his memoir in the Geological Transactions.

The collection formed by Mr. Prestwich, both by his own exertions and the contributions of

Mr. Anstice and others, is very numerous. The terrestrial plants alone amount to between forty

and fifty species, composed of Euphorbiacece, Dycotyledons of doubtful affinity, Palmce, Monocoty-

N 2
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ledons of doubtful affinity, JEquisetacecc, Filices, LycopodiacecB, &c, the greater part of which are

figured in the British Fossil Flora by Messrs. Lindley and Hutton, others by the foreign fossil bo-

tanists, Sternberg, Adolphe Brongniart, &c. Of these the StigmariaJicoides, Neuropteris cordata,

Odontopteris obtusa, Pecopteris lonchitica (see wood-cut), Lepidostrobus variabilis, and Sigillaria

Murchisonii are common to this and other coal-fields in Shropshire 1
.

The animal remains consist of

Fishes, three genera, viz. Gyracanthus formosus, Megalichthys Hibherti, and Hybodusl, of

Agassiz.

Crustacea, Cypris; Limulus trilobitoides (Buckland). Trilobites; three small species, un-

described, and dissimilar to any individuals of this family, which we shall afterwards point out"-

in such great abundance in the rocks of the Silurian System.

Conchifera and Mollusca. Upwards of forty species, among which are two beautiful spe-

cies of Orbicula, Productus scabriculus (M. C. t. 69. fig. 1.) ;
Unio, two or three species

j Spirifer,

three species; Nautilus, four species; Ammonites (Goniatites)), two species; Bellerophon, two

species; Cirrus, two species
;
Orthoceras, one species, &c. Most of these organic remains have

been already figured in Phillips's Geology of Yorkshire, vol. ii., or in Sowerby's Mineral Conchology,

as species belonging to the Carboniferous or mountain limestone.

The published and unpublished species all differ from the fossils hereafter to be described

in the Silurian System. In addition to these fossils, Insects have also been found in

ironstone concretions, the specimens of which are in the cabinet of Mr. W. Anstice.

These are noticed by Mr. Prestwich, and two figures of them have subsequently been

published by Dr. Buckland in his Bridgewater Treatise as Curculionidts, most resembling

(according to Curtis and Samouelle) African and South American types. Dr. Buckland

has with great propriety named one of these Curculionides Ansticii, the other C. Prest-

vicii, vol. ii. p. 76. The wing of the insect represented in the wood-cut on the next

page has been furnished by my friend Dr. Mantell, in whose rich museum at Brighton

it may now be seen. It was previously supposed to be a plant, and was sent to

M. Adolphe Brongniart, who immediately perceived that the transverse nervures were

unlike anything in the vegetable kingdom, and on being referred to M. Audouin it was

pronounced to be the wing of a neuropterous insect closely resembling the living Cory-

dalis of Carolina and Pennsylvania,

This copious list of fossils enables us to speculate with some security on the probable

conditions under which the various strata of this coal-field were accumulated. Here

we find the forms of many terrestrial plants, and even of insects, entombed amid a

variety of shells and some crustaceans, the greater part marine, but others, such as the

Uniones and Cypris, unquestionably of a nuviatile origin. The precise relations of the

alternating beds containing these various remains are well explained by Mr. Prestwich.

1 Dr. Du Gard has collected many beautiful fossil plants from this coal-field, particularly large stems, many

of which, together with specimens derived from Mr. Anstice's collection, now form part of the museum of the

Natural History Society of Shropshire and North Wales, recently established at Shrewsbury. _
'

,
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« 13.

In this wood-cut are four figures selected from the mass of fossils to indicate the

mixed nature of the deposit, viz.

The wing of the insect mentioned in the previous pages : its actual size is repre-

sented in fig. a.

A land plant, fig. b., Pecopteris lonchitica, Brongniart, (Lindley and Hutton, Foss.

Flor. vol. ii. pi. 153.) A fluviatile shell, fig. c. (Unio acutus), Sow. M. C. t. 33. f. 5, 6

and 7. A well-known marine shell, fig. d., the Productus scabriculus, Sow. M. C. t. 69.

f. 1.

Doubtless, therefore, as hinted at in the preceding chapter, this tract of Coal Brook

Dale must originally have been a bay of the sea, into which streams of freshwater dis-

charged materials derived from those lands, the contiguity ofwhich has been previously

inferred from the existence of freshwater limestone in the adjacent coal-fields. This

view is also quite in accordance with that of Mr. Prestwich, who is of opinion, " that

the alternations of freshwater shells with marine remains, do not prove as many relative

changes of land and sea ; but that the coal measures were deposited in an estuary,

into which flowed a considerable river, subject to occasional freshes ; and he conceives

that this position is supported by the fact of frequent alternations of coarse sandstones

and conglomerates with beds of clay or shale," containing the remains of the plants

which have been brought down by the river. (See the positions (c, c.) where such

estuary accumulations were formed on the shores of the "mare carboniferum," repre-

sented in the small map, Chapter XI.) (c*.) is the site of Coal Brook Dale
;

(a, a.) the

supposed lakes in which the freshwater limestone was deposited.

Carboniferous Limestone.—It might be expected that as we descend in the series of

strata, we should next meet with the great arenaceous formation, called the " Millstone

Grit," which forms the substratum of many other coal-fields, and of which abundant ex-

amples will be adduced in the ensuing chapters. But in truth, there are here scarcely any

rocks which can be referred to that deposit, unless we consider as its representatives,

the. grits, conglomerates, and sandstones which form the lower portion of the coal
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field ; and which contain seams of coal and courses of ironstone almost to the very

base of the arenaceous strata. These arenaceous strata rest in several localities upon

the true carboniferous or mountian limestone. As this limestone, however, has no great

range, and is not of large dimensions, the coal-field throughout the greater part of its

extent, reposes at once upon other and older rocks, chiefly of the Silurian System, and

in the southern district upon Old Red Sandstone. (PL 29. fig. 11.) The carboniferous

limestone rises from beneath the coal measures at Little Wenlock, to the north-west of

which this limestone appears at Oldfield works, and ranging thence by the Hatch Bank

to Steeraway, extends in a narrow ridge from south-west to north-east, nearly two

miles in length. This limestone dips to the south-east at an angle of about 45° in the

principal works at Steeraway, where it is burnt for lime. (See section PL 29. fig. 16.J

The beds, eight in number, have an aggregate thickness of eleven yards, but vary indi-

vidually from five inches to twenty-six each, and are associated with strata of impure

limestone, shale, &c, amounting in all to upwards of one hundred feet. The limestone

is of a very dark grey, almost black, colour, in which respect, and in being very thick-

bedded and not of concretionary structure, it is quite unlike the Wenlock limestone of

the underlying Silurian System. The distinction between these limestones is rendered

still more complete by the organic remains, which are in great profusion at Steeraway,

consisting of shells and corals which are characteristic of the carboniferous limestone

in many other parts of Great Britain, and never occur in the inferior limestones of the

Silurian System. Among these the most prominent are the large Productus hemisphce-

ricus and many corals, including Lithodendron seosdecimale, Phillips, (Cladocora, of

Ehrenberg,) which is so abundant, that it constitutes massive beds, particularly the

layers of black calcareous shale, which divide the limestones. This black limestone of

Steeraway is overlaid by a sandstone, which separates it from the productive coal beds,

and is underlaid by strata belonging to the lower limestone shale, consisting of lightish

yellow sandstone, with layers of impure limestone and shale, which are interposed be-

tween it and the trap rocks of the Ercal and the Wrekin.

All this portion of the edge of the coal-field is much convulsed, trap rocks intruding at many

points, so that a patch of the limestone is found adherent to the trap in the village of Little Wen-

lock, and the mass at the Hatch Works is quite broken off from that of Steeraway. (See Map and

PI. 29. fig. 16.) Limestone, similar to this of Steeraway, was discovered below the productive

portion of the adjoining coal-field at Lawley, distant upwards of one mile from the natural outcrop

of the rock. It had apparently thickened upon the dip and had become much less inclined. This

underground mass was extracted for some time, but the works are now abandoned. The north-

western edge of the coal-field is marked by a powerful downcast fault extending from the end of the

Steeraway and Ercal Hills to Lilleshall, by which all the lower strata are lost, the productive coal

measures abutting against the New Red Sandstone for a distance of nearly five miles. Along this

line the coal measures plunge to the north-west, unlike those at the edges of the coal-field at Steer-

away, Little Wenlock, and the Iron Bridge, where they dip to the south-east. It has, however,

been ascertained by Mr. Prestwich that this north-west dip is only partial, and that the coal strata
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rise again with an inclination to the south-east, the flexure being caused by the line of disturbance

which proceeds from near Steeraway to Lilleshall, and along which indeed there are traces of the

limestone being upcast, accompanied at one spot (the bottom of Hadley inclined plane) by a knoll

of trap. (See Map.) On the north-eastern and northern face of the trap rock of Lilleshall Hill,

the carboniferous limestone is again brought up, and appears on the sides of the roads and in some
old works extending to the high road from Wellington to Newport. It here folds over, or rather is

broken up by an anticlinal line proceeding from the trap rock, and by which the limestone itself is

thrown into a saddle, dipping both to the east and west. The prevailing dip, however, is to the

east- north-east, by which inclination the lime rock is carried rapidly underground, disappearing

beneath certain white and red carbonaceous sandstones with impressions of coal plants.

The limestone of Lilleshall is extracted by shafts upon the dip to a distance of more

than a mile from its outcrop with a prevailing easterly dip ; the deepest shafts (those

near the village of Aston) being one hundred and twenty yards. The succession of most

of the limestone beds can, however, be best studied in the old open works near the

basset. The following is the section, in descending order, of all the strata.

1. Red sandstone, a good freestone, with impressions of coal plants. This rock, which is traversed by the new shafts, is

a variety of the millstone grit, similar to that which will hereafter be described at Sweeny near Oswestry, and at Cromhall

near Tortworth, Gloucestershire. (Upper limestone shale of Conybeare and Buckland.)

2. Sandstones of purplish pink and white colours, with a few impressions of stems of plants. Thirty to forty feet of this

rock are seen at the old open works. These pass down into a very thin flaglike fine-grained sandy limestone, spotted with

dark grains of brown oxide of iron ; there are also a few small geodes of iron as large as apricots.

c. Yellow and red shale.

d. Grum. Dull dark red and green impure concretionary limestone, in parts ferruginous, each geode being enveloped in

red shale. The Productus hemisphcericus and another species are most abundant, together with the corals Litho-

strotion floriforme (Fleming), Syringopora reticulata (Goldfuss), and Lithodendron irregidare (Phillips) (Cladocora,

of Ehrenberg). This mass is about twenty feet thick.

e. Flat-bedded greyish-green limestone of about a foot in thickness.

/. Partial wayboards of red and black shale.

Observing the organic remains in this portion of the quarry, I was struck with the

regularity of their arrangement, but especially in the case of the large coral Lithostrotion

(Lhwydd), L. floriforme (Fleming), represented in the above wood-cut 1

.

This coral y, y was two feet five inches wide, by one and a half feet in height. The

1 From the position of the coral represented in this wood-cut, the generic and specific characters cannot

be distinguished. The coral was first determined by Lhywdd as early as the year 1699, and has subsequently

received the following names from other naturalists. Erismatolithus madreporites (Floriformis) Martin. Pet.
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lower parts were rooted in the shale (/), whilst the upper passed up through the

bedded limestone e into the mass of red concretions, or " grum," d. It appeared,

therefore, to be precisely in its original position, and conveyed the impression that it

had remained undisturbed beneath the sea, whilst fine red sand at one time, and mud
with calcareous matter at another, were deposited around it. Fig. # of the wood-cut

represents the large shell Productus hemisphmricus , and gives by comparison an idea of

the great size of the coral.

The section continued, in descending order, consists of

g. Splothers, red small concretionary limestone and shale, much resembling the " Grum."

h. Bulls' Livers, concretions rather larger than the " Splothers." All these overlying beds were formerly worked for lime,

but are now abandoned.

i. Bed and black shale.

j. Strong-bedded pinkish red sandstone, with a few pebbles of white quartz. Some of these contain lime in the cement, and

are therefore calcareous grits.

k. Bed stone ::
"] These constitute the solid subcrystalline mass which is now the chief mine, and which the

I. Captainer workmen call the upper measures. They vary in colour from light cream-colour to grey and

m. Flags V red, and contain nearly the same fossils as the overlying beds. They are all worked underground

n. Strong stone in a thickness of about eight yards, separated only by very thin wayboards. The shafts upon

o. Bottom or white stone. J the dip have not been sunk beneath the floor of the " white stone."

p. Strong-bedded pink and red sandstone, with white quartz pebbles.

q. Lower or Grey-limestone. This rock, from ten to twelve yards thick, is only seen on the rise of the strata to the northern

end of Lilleshall Hill, where it crops out. Like the other measures it is so associated with red and green shale, in

parts micaceous, that in the old open works a casual observer might conceive that the beds belonged to the New or

Old Red Sandstone. On fracture, however, it proves to be a dull grey flat-bedded limestone with a purple tinge, gritty,

earthy, and impure. Though it did not appear to contain the Productus hemisphcericus of the upper beds, I found in

it some well-known corals of the other beds of limestone.

This Lilleshall deposit has been described in some detail, because it differs es-

sentially in many of its mineral characters from any of the varieties of the carboni-

ferous limestone, described in the sequel. The organic remains, however, clearly

belong to this formation, and are completely distinct from any which occur in the

overlying or underlying systems. This is particularly marked in the above-named

corals, which I have the authority of Mr. Lonsdale for stating, are unlike the

corals of the Silurian System. On the edges of this coal-field, therefore, we are

presented with a beautiful illustration of the superior value of organic remains to

mineral characters in identifying the age of rocks ; for at Lilleshall the carboniferous

limestone consists of red and green, and light grey limestone, with abundance of red

concretions, in parts strongly resembling the " cornstones" of the New and Old Red

Sandstone ; whilst at Steeraway, only five miles distant, it is a black, dark grey,

thick-bedded rock, and void of all concretions. In the one case the associated sand-

Derb., PI. 43. fig. 3 and 4 ; Stylina, Parkinson; Columnaria floriformis, De Blainville ; Astrcea mammillaris}

Fischer de Waldheim; Lithostrotion floriforme, Fleming; Cyathophyllum floriforme, Phillips. Mr. Lons-

dale is of opinion that this coral ought to retain the generic name of Lhwydd, which has been adopted by Dr,

Fleming. ....
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stones and shales are red, in the other they are white, or yellowish white, and black
;

yet notwithstanding these discrepancies in structure and in colour within so short a

distance, the limestones of Lilleshall and Steeraway are geologically identical, and were

doubtless formed during the same period and in the same sea, for they contain similar

marine shells and corals, and occupy precisely the same place in the series ; that is,

they are overlaid by and graduate upwards into those sandstones and grits which form

the base of the productive coal-field.

The carboniferous limestone is the base of the system under consideration. The

characters and relations of the other deposits which lie beneath this coal-field will

be explained in a subsequent part of the work ; and I shall here merely state that the

carboniferous limestone has not in this locality any regular downward passage into

the Old Red Sandstone as in other districts. On the contrary, the Old Red terminates

at the southern end of the tract, and has never been found beneath the coal measures

or mountain limestone on the north bank of the Severn • the underlying stratified rocks

throughout the productive coal-field consisting of various members of the Silurian

System. Of these the Wenlock limestone or second formation of that system is much
the most conspicuous. Rising to the surface on both banks of the Severn, it is pre-

sented in juxtaposition to the carboniferous limestone ; so that the geologist contrasting

the two rocks, can at once perceive their dissimilarity both in lithological structure and

organic contents.

Besides these stratified sedimentary masses, there are, however, other rocks of cry-

stalline structure and amorphous forms, (the trap rocks of geologists,) which in a pre-

vious chapter have been shown to be of volcanic origin, (p. 68.)

Trap Rocks.—The Wrekin may be called the great centre of volcanic action in. the

proximity of Coal Brook Dale, but the consideration of that elevated mass is neces-

sarily postponed, until the nature of the strata through which it has been erupted has

been explained. In the mean time I simply allude to the Wrekin, because the trap

rocks of the coal-field on its eastern flank, might seem to be closely connected with it.

The volcanic agency, however, by which these contiguous masses were erupted, was in

activity at different periods. That which gave rise to the Wrekin, took place during

and after the accumulation of the Silurian System, the strata composing which were

thereby thrown into inclined positions, before the sedimentary matter composing the

carboniferous system was elaborated. At a subsequent epoch, and long after their

consolidation and completion, the coal measures were in their turn pierced and tra-

versed by other intruding masses of trap, differing in mineral characters, but erupted on

contiguous lines of fissure parallel to that of the Wrekin. These latter outbursts

specially relate to the present subject, and I may therefore say a few words concerning

them, although the reader will better comprehend their origin and connection, when

he shall have perused the chapters in which the more ancient phenomena of the same

class are described.

o
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The western side of this coal-field, is most marked by the protrusion of trap. This

rock juts out in bosses of irregular shape at and about the village of Little Wenlock,

between seven and eight hundred feet above the sea, surrounded by broken layers

of carboniferous sandstone and limestone. The most prevalent variety of this trap is

a hard crystalline, dark-coloured rock, which may be called basaltic greenstone, though

in some cases the grains of felspar are with great difficulty distinguishable from those

of hornblende, and then the mass must be considered basalt. Olivine is here and

there an ingredient, and in one of the hummocks at the Horse Hays, nearer the centre

of the field, the rock contains prehnite, while in the western limit of the tract, there

are greenstones of a coarse grain which pass into tufaceous amygdaloids.

Wherever these basaltic rocks appear, the contiguous strata of the coal-field are

much dismembered. This is seen not only on and near the surface, but has been

proved by numerous underground workings, the full details of which will be found in

Mr. Prestwich's memoir. It is sufficient for the present to state, that the trap of this

field is very similar to that which in subsequent chapters will be described at greater

length, as bursting through and dislocating the coal measures of other tracts, particu-

larly in the Clee Hills, where the phenomena of this class being much more striking

will be explained at greater length. This brief notice of the characteristic and preva-

lent trap rocks of Coal Brook Dale is, however, a natural prelude to a notice of the dis-

locations of the strata produced by such eruptions.

Faults.—The striking dislocations to which the carboniferous strata of this tract

have been subjected, are indeed well accounted for by the protrusion of the above-men-

tioned volcanic rocks. Referring my readers who desire further details to the valuable

memoir of Mr, Prestwich, I shall here do little more than direct their attention to the

principal lines of fault as laid down upon the map, and to the diagram, PI. 29. fig. 16.,

which explains some of the principal fractures. Mr. Prestwich has well observed, that

there is probably no coal-field of equal size in the kingdom which has been so greatly

shattered as this. It has, in fact, been powerfully elevated from beneath the sur-

rounding Lower New Red Sandstone in separate wedge-shaped masses, the apices of

which terminate at Lilleshall and Newport. The longitudinal lines of fault by which

the field is thus cut up, run nearly from south-west to north-east, and when viewed on

the map, resemble the sticks of a slightly expanded fan, the handle of which is the

trappean hill of Lilleshall (to be described in the sequel) . These lines of greatest frac-

ture are also traversed by cross faults of minor importance, trending from east to west,

and north-west to south-east, &c. The most powerful of the longitudinal faults is that

which bounds the coal-field, on the east, and separates it from the Lower New Red

Sandstone. The coal-measures along this line are not less than one thousand feet thick,

and as some of the lower seams of coal are thrown up to the level of the overlying

strata of the New Red Sandstone, this upcast (the main fault of Mr. Prestwich) is thus

shown to have exceeded one thousand feet, though to what further extent has not yet
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been ascertained. Again, in the centre of the field, the masses have been so elevated,

that the very lowest beds of the coal measures are brought to the surface, all the supe-

rior strata having been destroyed and denuded.

The most powerful dislocation within the field is called the Lightmoor Fault, and

is an upcast of more than two hundred yards at the point of its greatest intensity ; but

it appears that the strata are unequally dislocated at different spots, even along the

same line of fault, and in some instances the change of level would seem to have been

the result of a series of small dislocations.

General reflections on these phenomena will be offered, as soon as my readers have

become acquainted with the more ancient deposits of this neighbourhood, and the

various volcanic products with which they are associated. I now restrict myself to the

observation, that the north-easterly and south-westerly direction of these faults and

basaltic outbursts is parallel, to the fissures along which the Wrekin, Caradoc, and

other trap rocks of more ancient date have been erupted, and also to the lines along

which the Silurian and older sedimentary formations have been elevated.

o 2



CHAPTER VIII

CARBONIFEROUS SYSTEM {continued).

Clee Hill Coal-fields ; including the Titterstone Brown Clee ; with descriptions

of the underlying formations of Millstone Grit and Carboniferous Limestone.

The Clee Hills consist of two separate mountainous masses, the most southern of

which, called the Titterstone Clee, lies upon the confines of Salop and Hereford, five to

six miles east of Ludlow ; and the other, or the Brown Clee, is nine to ten miles north

of that town. The summit of the latter is 1806 feet, and that of the former 1730 feet

above the sea. These hills, chiefly composed of carboniferous strata, are surrounded

by Old Red Sandstone, and lie contiguous to the Silurian rocks which form the special

object of this work : As they have not hitherto been fully described, it is essential to

dwell upon them at some length.

The summits of these ridges are, for the most part, formed of hard and pure basalt,

locally called " Jewstone", which being spread over a large portion of the coal-bearing

strata in thick tabular masses, is pierced through at many points by shafts for the ex-

traction of the subjacent coal. In the sequel it will be shown, that this basalt has

risen up through the carboniferous strata, and has then overflowed their surface. Let

us, however, now proceed to view the mineral composition and general relations of the

coal measures of these hills, beginning with those of the Titterstone Clee
1

.

Coal measures of the Titterstone Clee.—Under this term are comprehended all the

carboniferous strata which adjoin the Titterstone Clee Hills, and the Jimits of which

will be seen in the map. Within this area lie the fields of Cornbrook, Treen pits,

Knowlbury, the Blue stone, the Gutter, and Horse-ditch. All these so-called fields

belong, however, to one and the same carboniferous tract, which is of an extremely irre-

gular outline, and is, in fact, divided into several masses, one of which lies in a very

1 The Clee Hills have been partially described by Messrs. Robert and Rowley Wright, attached to the Ord-

nance Survey, who also made a geological map of the environs of Ludlow, embracing these hills. Though

executed before I had worked out the subdivisions of the Silurian System, this map, which is now deposited in

the library of the Geological Society, is very accurate in its general features.
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perfectly-formed, small basin. The whole of the space which is marked by a dark

colour upon the map is not, however, a productive coal-field, but includes those sand-

stones and millstone grits which support the coal, and which in this and all the other

districts cited in this work, are unproductive of coal
1

. The coal-field is flanked on

two sides by zones of carboniferous limestone rising from beneath the millstone grit,

and the base of the series is the Old Red Sandstone, which wraps entirely around the

tract, separating it on the north from the coal-field of the Brown Clee, on the west from

the Ludlow rocks, and on the east from the coal-fields of the Forest of Wyre. (See Map
and sections, PI. 30. figs. 1 and 6.) Thus the coal measures of the Titterstone Clee are

in portions of their range based upon those rocks which in other parts of England com-

plete the succession of the lower carboniferous strata.

That portion of the field known by the name of Cornbrook, forms an elevated trough,

capped by a plateau of basalt. To the south-west of it, and at a considerably lower

level, is the small basin of elliptical form, called the Knowlbury field (PL 30. fig. 7.),

which is distinctly broken off from the great field of Cornbrook ; and hangs, as it were,

from the skirts of the more elevated tract. This basin is completely exempt from

basalt, except that its surface is partially encumbered with fragments of that rock. The

Gutter, Horse-ditch, and Blue-stone works are merely the thin or lower coal seams

which crop out at various points beneath the escarpment of the larger and overlying

basin of Cornbrook. In those parts of this coal-field which are most fully developed,

as at Cornbrook and Knowlbury, there are four principal beds of coal, which vary

somewhat in thickness in different parts of the district. In descending order they are

known by the names of the Great Coal, Three-quarter Coal, Smith Coal, and Four-feet

Coal. Although only four beds of good coal have been proved in any one shaft or

vertical section, there is reason to believe that the coal worked at the Gutter, Horse-

ditch, and Blue-stone pits is a fifth or still lower band, which thins out to the eastern

and southern parts of this field, and is merely worked at detached points upon the out-

crop or basset. The uppermost or Great Coal is usually overlaid by a considerable

mass of shale and thickly bedded whitish sandstone, known as the " great coal rock".

Beneath the great coal, the shale contains a good number of concretions of ironstone

of excellent quality, usually exhibiting " Septaria" within, and often containing impres-

sions of plants. They are called the " Three-quarter ironstone measures," because they

surmount the three-quarter coal. These ironstone nodules are repeated below this seam

of coal in the shale beds termed Clumpers. Then follows the Smith coal, so named

from its peculiar value in the manufacture of iron. The Smith coal is separated from

the " Four-feet" coal, by a thick mass of sandstone, with many impressions of plants
;

1 The coal-fields in this region differ essentially in this respect from those of Yorkshire and the North of

England, where there are not only coal-fields in the millstone grit, and below it, but also in and throughout

the carboniferous limestone.
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and beneath the Four-feet coal is a hard white sandstone, with red and grey shale. The
lowest coal seams repose on the conglomerate and sandstone representing the millstone

grit. Such is the general arrangement of the strata, where they are fully developed.

The largest and most productive portion of this coal tract, called Cornbrook, is, as before

stated, entirely covered by basalt, and the coal is there uniformly worked by shafts sunk
through that rock, which varies in thickness from twenty to sixty-four yards. In these

works the proprietor, Mr. Botfield, has hitherto confined his operations to the three

principal seams above mentioned. The following is a section of the beds passed through
in one of his shafts :

Yds. Ft. In.

Basalt, or "Jewstone" 50 1 6

Rotten Jewstones, and brown clunch 3 0 0

Blue bind or shale 3 q q

Red rock 4 0 0

Pinney stone roof (ironstone) 2 0 0

Pinney stone measures (ironstone) 3 0 0

Horse-flesh earth (hard clunch of reddish colours) 3 0 0

Rock and bind mingled together 10 0 0

Blue bind 2 0 0

Chance rock 8 0 0

Rock and bind mingled together 12 0 0

Blue clunch 4 1 6

Great Coal rock (sandstone) 9 0 0

Great Coal roof (shale, &c.) 2 0 0

Great Coal 2 0 0

Great Coal poundstone 2 0 0

Bottom rock 116
Clumper

, 2 16
Smith Coal 1 \ q

From the Smith Coal to the Four-feet Coal, 3 yards ... 3 0 0

Four-feet Coal 110
4 10

129 2 6

The Knowlbury basin being free from the cover of basalt is more clearly exhibited

than that of Cornbrook. (See PL 30. fig. 7.) Its form is elliptical ; the major axis

being about a mile in length. On the south and west, it is flanked by the Old Red
Sandstone; on the north and north-west, by an elevated line of works in the lower

coals, called the Gutter ; on the north-east, by an escarpment of basalt and the Treen

pits (the south-eastern face of the field of Cornbrook) ; and on the east by the millstone

grit and a band of carboniferous limestone. The inclination of the strata upon the

opposite sides of the basin is variable. On the west, the lower beds of coal and sand-

stone crop out at angles of about 30°, resting on the Old Red Sandstone. At the

south-western extremity an adit being driven from the lower country of Old Red Sand-

stone into the heart of the coal works, the exterior or lower carboniferous strata were

found in much more highly inclined positions (60° to 70°) j but the angle decreased as
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the beds converged towards the interior of the basin. In the most depressed or central

part, termed locally the cc reen", the strata necessarily lie in more horizontal positions.

The four principal beds of coal have been regularly worked, and they were all passed

through in the adit. The overlying measures will, however, be best understood by

consulting the following section made in sinking a shaft 220 yards deep, at the new pit,

or nearly in the " reen", or centre of the basin

.

Yds. Ft. In.

I. Soil 2 1 0

II. Soft yellow sandy rock 5 0 0

III. Blue Pinny ironstone measure, for-

merly worked ,. 0 2 0

IV. Flam (impure coal) 0 0 9

V. Tough clod 0 0 3

VI. Brown rock sandstone (No. 1.) 5 0 0

VII. Clunch 9 0 0

VIII. Brown rock sandstone (No. 2.) 3 0 0

IX. Strong bind 7 2 0

X. White rock sandstone 17 0 0

XI. Clunch 12 0 0

XII. Ironstone measures (small concretions

of ironstone) 1 2 0

XIII. Thick cloddy flam, or carbonaceous

shale 2 0 6

XIV. Strong clunch, alternating with grey

rock, and containing coal plants ... 27 1 0

XV. Light grey rock 5 2 0

XVI. Bind 4 1 0

XVII. Measures, with large nodules of poor

ironstone 110
XVIII. Flam (impure coal) 0 16
XIX. Hard white quartzose sandstone 13 0 0

XX. Brown clunch 2 2 0

XXI. White rock (sandstone) 5 0 0

XXII. White clunch 3 1 0

XXIII. White rock 4 2 0

133 2 0

Yds. Ft. In.

Brought forward 133 2 0

XXIV. Bind 3 0 0

XXV. Hard white rock 14 0 0

XXVI. Hard brown clunch 10 1 6

XXVII. Great coal rock 13 1 0

XXVIII. Hard bind 5 0 0

XXIX. Soft bind 3 0 0

XXX. Stone measure and Great coal roof

(plants abundant) 2 0 0

XXXI. Great Coal 2 1 0

XXXII. Three-quarter
t
Ironstone measure 10 6

XXXIII. Three-quarter Coal 0 2 9

XXXIV. Clumper ; a hard black bind, with

ironstone concretions 3 10
XXXV. Smith Coal 12 0

XXXVI. White earth 2 0 6

XXXVII. Clunch 1 0 6

XXXVIII. Half-way flam 0 0 8

XXXIX. Four-feet coal rock 3 1 0

XL. Bind 12 0

XLI. Four-feet coal roof 0 16
XLII. Four-feet Coal 10 6

XLIII. Poundstone 0 16
XLIV. Flam 0 0 7

XLV. Hard white rock 12 2 0

XL VI. Clunch, mottled red and white ...2 10
XLVIL Hard white rock 0 0 6

220 0 0

Of the two courses of ironstone now worked, that above the three-quarter coal makes
the toughest iron, but the concretions in the " clumper " are richer in quality and have

an average thickness of about two feet. Impressions of plants abound in the " Great

Coal" Shale, and are also very abundant in the shale of the Gutter-coal
1

; but the most

beautiful specimens occur in the nodules or concretions of ironstone, the vegetable

1 Mr. Lewis, the proprietor of these coal works, is of opinion that the Gutter-coal is a bed distinct from any

of those given in the above list. As, however, the section afforded by the adit fairly laid open the whole

structure of the field from its base, it is most probable that this Gutter- coal is nothing more than the expan-

sion of one of the lower "flams", or bands of impure coal of the Knowlbury field. Such changes are common
in all coal-fields.
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having served as the nucleus round which the ferruginous matter has been concreted.

Among these plants Professor Lindley has determined the following :

Catamites arenaceus? Ad. Brongn. Hist. Veg. Foss.

pi. 23. fig. 1.

— cannceformis . F. F. pi. 79.

cistii? Ad. Brongn. pi. 20.

Lepidodendron tetragonum. Schloth.

Neuropteris flexuosa ? Ad. Brongn. pi. 65.

Loshii. F. F. pi. 49.

Odontopteris obtusa. F. F. pi. 40.

Otopteris dubia. F. F. pi. 150.

Pecopteris lonchitica. F. F. pi. 153.

Sigillaria Murchisoni. F. F. pi. 149.

. Two unpublished species, one of which I

venture to name S. Lewisii.

Sphenopteris caudata. F. F. pi. 138.

crenata. F. F. pi. 100. and 101.

furcata? F. F. pi. 181.

polyphylla. F. F. pi. 147.

Stigmaria ficoides . F. F. pi. 31. to 36.

The greater number of the fossil plants occur abundantly in other coal-fields, (see

p. 85,) but the remarkable species of Sphenopteris, S. polyphylla, together with the

Otopteris dubia and Sigillaria Murchisoni, have been figured, and so named by Lindley

and Hutton, in the Fossil Flora, from specimens collected by Mr. Lewis, in the Knowl-

bury basin, and forwarded by me to the Geological Society. It does not appear that

either the ironstone or shale contains any of the shells which are so abundant at Madeley

and other parts of the Coalbrook Dale field.

The Knowlbury coal-field (see PL 30. fig. 7.) is traversed by two principal and several

minor faults, the prevailing direction of which is from north-east to south-west ; and a

transverse section, therefore, drawn from Tanner's meadow on the south-east, to the

Wint hills on the north-west, passes through these faults, to undersand the relations of

which, see PL 30. fig. 7.

The first fault (a.) offers a marked exception to a prevailing law of faults, first I be-

lieve pointed out by Professor Phillips. As the side of this fault sloped away from

the place where the coal was lost without underlying, Mr. Lewis, according to the rule

alluded to, expected, in sinking downwards, to meet with the coal on the slope, i. e. on

what he considered the downcast side ; but being foiled in his endeavours, he drove up-

wards, when, to his great surprise, the coal was regained, above its former level, dipping

gently towards the centre of the basin. (See PL 30. fig. 7.)

There are some remarkable and sudden changes, both in the thickness and compo-

sition of the coal seams, which are worthy of notice, as connected with these faults.

Between the first and second small faults (a and b), the coal seams and all the other

measures are much thickened, and in parts, doubled, for the space of nine yards. Be-

tween the second small fault (b), and the " Folly fault" (c), the Smith coal is also fre-

quently double its usual thickness. Again, the great coal having an average thickness of

about six feet and a half, is abruptly increased to* nine and ten feet, in the deep trough

included between the Folly fault (c) , and the Cannel coal fault (d) . In the rise from the

side of the Cannel coal fault to the High fault (e), the great coal again expands, and has

a thickness of ten feet ; but at the upper extremity of the high fault, it is again suddenly
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reduced to seven feet. There is also a remarkable and apparently sudden change in

the mineralogical structure of a portion of the beds of the great coal and of the Smith

coal, lying between the Thirty-six feet and High faults
; by the interpolation of layers

of pure Cannel coal, which alternate with the ordinary coal. The great coal having in

this part a thickness of ten feet is divided in the following manner :

—

Ft. In.

1. Roofs 3 0

2. The Bat, a pure Cannel Coal, used in turning for ornamental purposes . 0 10

3. The Middles 4 0

4. Cannel Coal, less perfect than No. 2 1 0

5. The Holeing Coal 0 6

6. The Bottoms 0 8

10 0

The Smith coal contains a layer of three or four inches of Cannel coal, and the Three-quarter

coal offers some indication of the same structure. There is not a trace of Cannel coal in any of

these beds on either side of the mass included between these two faults. In stating this fact, I

would also remark that in the two main faults the Cannel coal and the High fault trend in the same

direction as the great Jewstone or Basaltic dyke, which will hereafter be shown to occupy a fis-

sure of eruption 1
.

Besides those enumerated, there are many minor faults, some of which are mere emanations

from one or other of the two great dislocations, and have no very determinate direction. The coal

of the Knowlbury field having been in great part extracted, the occupier, Mr. Lewis, has recently

made several trials beneath the south-western and north-western faces of the great plateau of

basalt, which extends from the Cornbrook works. In the trials on the north-western escarpment

of this basaltic cover, called the Hoar Edge, he has sunk two shafts, an account of which will be

given in the next chapter, when we endeavour to explain the relations of the basaltic rocks and the

mode in which they have been erupted.

Millstone Grit.

This formation, consisting of pebbly, quartzose conglomerate, and thick-bedded hard

white sandstone, rises, at many points, from beneath the productive coal-field. It is

most expanded in the sterile tract which lies between the northern slopes of the basaltic

hills, and the zone of Carboniferous limestone at Oreton. (PL 30. fig. 1 and 6.) When
that limestone is wanting, the Millstone Grit rests immediately upon the Old Red Sand-

stone, as may be well seen in the quarries of the southern foot of Titterstone Clee Hill,

and beneath the Horse Ditch pits. At this point it passes from a conglomerate into a

coarse-grained yellowish and white sandstone of good quality and is extensively worked.

The Cornbrook field is in great measure drained by a large adit called the Cornbrook level,

1 These faults vary in width from a few inches to forty-five feet, and they are usually filled with broken

coal measures, ironstone, &c. In the space between the overlying basalt of the Hoar Edge, and the productive

coal-field of Knowlbury, it is said that all the coal formerly extracted lay in pools or broken masses.

P
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which in traversing from the south side of the hill to the coal, cuts through a great thickness of

the underlying grits and conglomerates. From this work and several natural sections on the slopes

of the hills between the Cornbrook coal-field, and the carboniferous limestone, there can be little

doubt that this member of the series has a thickness of several hundred feet. The millstone grit is

inclined at high angles near its exterior margin, the inclination decreasing as it passes beneath the

coal seams. The grits, which are coarse pebbly conglomerates in the ridges above the limestone

at Knowl, thin out in their prolongation to the Knowlbury field and pass into sandstone.

Mountain or Carboniferous Limestone of the Titterstone Clee Hills.

This limestone could never have been deposited in a continuous zone, since it appears

only in two small masses near the northern and southern extremities of the tract, where

it is separated from the productive coal-field by the millstone grit, and thins out between

that formation and the Old Red Sandstone. (See Map and Section, PI. 30. fig. 6.) Let

us first consider the southern mass which lies between Cornbrook and Knowl.

This limestone extends in a broken and tortuousb and from the gorge below the Cornbrook level

to Bennett's End near Knowlbury, forming a natural escarpment, which rises to some height above

the adjacent country of Old Red Sandstone. It terminates at the eastern end in a mural mass

nearly vertical, from 15 to 18 paces in width; and at the western extremity near Bennett's End
tapers away to a few feet in thickness, dipping beneath the millstone grit and coal measures 60°

north-east 1
. In the central part of this zone, the strata are much thicker and less inclined, dipping

to the north or to points east and west of that direction, according to the flexures or breaks of the

promontories. (See Map, also Section PI. 30. fig. 6.)

At the Stable and Navers quarries the limestone is exposed in fine precipitous escarpments and

is largely worked. The following may be taken as a section of the whole of the calcareous strata,

although there is no one natural section, in which all these beds can be seen in the same quarry.

Feet.

Upper limestone in thin courses with shale 40

Cropstone 5

Great limestone or White stone 54

Limestone shale, &c 36

Furnace stone, a strong hard stratum of impure limestone, which from the sand

and clay it contains is apt to vitrify in the kiln 6

Lower limestone shale with thin bands of impure limestone 60

Maximum thickness in all about 200 feet.

Although this may be taken as a sample of the whole of the limestone when fully developed, the

appearances in different parts of the escarpment are exceedingly variable. The west end of the

quarries at Gorstley Rough, presents merely a thin course of limestone and shale, which expands

rapidly to a thick bed of fine-grained oolite resting upon coarser shelly oolite, passing down into a

1 An adit of Mr. Lewis driven into his coal works from the low country to the west of Bennett's End has

proved that there was only a band of conglomerate rock of the thickness of forty-eight feet between the lowest

coal measures of Knowlbury and the Old Red Sandstone, the strata being nearly vertical; thus proving that the

limestone had completely thinned out.
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grey and blue hard encrinital limestone. In the central quarries (Heath's, Navers, &c.) the calca-

reous shales overlying the cropstone, are of red, green, and purple colours, with some calcareous

nodules and subordinate bands of limestone, called Tilestones, Rombo, &c. The Rombo, about

three feet thick at the Navers quarry, lies about fourteen feet above the Cropstone, the inter-

mediate beds consisting of yellow argillaceous marl, and black shivery shale, inclosing thin courses

of impure limestone. The great limestone is called the TVhitestone from its colour, and also the

Bottom Rock from its usual position. The aggregate thickness of the limestone strata varies

from fifteen to fifty-four feet. In some parts the beds are of fine oolitic structure, similar to the rock

at Oreton described in the following page (Clee Hill marble). The best beds, whether in a highly

crystalline state and chiefly made up of encrinital stems and shells, or having the oolitic structure,

are so free from earthy matter, that they are very superior in quality to the argillaceous limestones of

the underlying and adjoining Old Red and Silurian Systems. The variegated red, green, yellow,

and blue colours of some of the overlying shales, and the pure oolitic structure of some of the beds

are the most marked mineral distinctions of this limestone.

The organic remains found here are common to the carboniferous limestone of other

districts, and among them may be enumerated

—

Spirifer distans. M. C. t. 494. fig. 3.

octoplicatus. M. C. t. 562. figs. 2, 3 and 4.

Productus Martini. M. C. t. 318. figs. 2, 3 and 4.

Spirifer bisulcatus. M. C. t. 494. figs. 1 and 2.

cuspidatus. M. C. t. 120.

with several other species of Spirifer and Crinoidea in abundance. A remarkable Ichthyodorulite, or fin-bone

of a fish, was also found in this limestone at Gorstley Rough, by the Rev. T. T. Lewis, which Mr. Agassiz has

called Ctenacanthus tenuistriatus 1
.

The escarpment of this limestone affords an instructive example of the manner in

which the strata supporting the overlying coal-field, have been fashioned into the margin

of a basin, and made to assume their present tortuous outline. The zigzag form, as

expressed upon the map, is the result of a number of dislocations, by which the lime-

stone has been thrown at one point into a vertical position, and at others into angles of

various inclination accompanied with frequent divergences in the strike of the beds. For

example, each gulley between the mouth of the Cornbrook level, and the promontory of

Know! hill, marks the line of a separate transverse fault, and at every one of these breaks

the limestone is moved out " en echellon," so as to occupy a succession of steps at

various distances from the coal-field; the strike or direction of each mass being different.

Thus at the eastern end of the zone, the strike is east and west, then follow sundry de-

viations from that direction in the intermediate ledges ; and when we reach what may

be termed the great mass of limestone, extending from the " Grove " to the " Ashes,"

the beds are thrown round at right angles to their former direction. Again they are

twisted back to an east and west strike, and by a number of faults and snaps, are sub-

sequently carried into the recesses of Gorstley Rough, beyond which place the cal-

careous system, as has been shown, thins out and disappears. Besides these disloca-

tions there are numberless minor faults. At the "Ashes" there is one which proves

1 This specimen is in the Musuem of the Yorkshire Philosophical Society.

p 2
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a triple complication, consisting of a central conical mass between two other fractured

strata, the angle of dip being different in each. (See diagram, PI. 30. fig. 5.) This

face of rock, which has been recently laid bare, shows powerful and forcible disloca-

tion, the edges of the beds on the sides of the central wedge-shaped mass being much
shattered. The strike is here south-south-west, north-north-east, and the dip 25° west-

north-west. Other dislocations at the Stable and Navers quarries, are accompanied by-

many contortions. At the point of flexure between the Navers and Gorstley Rough, the

fallen masses frequently overspread the limestone with heaps of party-coloured shale, the

subsidences of the upper cliff in a single night, interrupting the labour of months 1

.

Carboniferous Limestone of Oreton.—The limestone of Oreton situated at the northern

extremity of the Glee Hills, has the same relations to the overlying and underlying

strata as the limestone at the southern end of the carboniferous tract, and constitutes

a similar, narrow, broken zone, thinning out at each end. In the central portion the

strata repose upon the Old Red Sandstone at an angle of about 30°, dipping to the south

or to a few points east and west of south. This limestone, however, rises into a low

ridge by itself, and is not overlaid by a cap of millstone grit like that above described.

(See PI. 30. fig. 1.) Owing to this favourable position and its superior quality, parti-

cularly in the central parts of the little ridge, this stone is very advantageously worked.

The beds extracted vary in united thickness from forty to fifty feet, and present the

following details in descending order.

Impure shelly limestone and shale.

Top white rock "I

T , , , , , , . All these beds of limestone are of good quality,
Jumbles (a grey-coloured rock) v 43 u

„ „ ,
°

f
the "bottom whites" the best,

.bottom whites
J

Blue shelly limestone.2

At the western termination the limestone is associated with much shale in the following maimer :

Broken limestone -i

Thinly laminated dark shale.... J
'

"'

Blue limestone .„

Shale with irregular courses of sandy limestone

Brownish yellow shelly limestone of compact structure.

Solid white limestone slightly oolitic.

Dip 1 5° to the south-east.

The above sectional lists prove that the quality of the limestone, as before stated, de-

teriorates rapidly toward the western extremity of the zone, and the same maybe said of

its eastern termination; for near Farlow Factory and on the left bank of the Rea Brook,

a hard and impure variety associated with shale, passes down into a conglomerate, forming

1 In the Map of the Ordnance Survey which I coloured in the field, and a copy of which is deposited in the

Geological Society of London, all these dislocations can be clearly seen.

2 These quarries have afforded aU the finest specimens of the grey oolitic limestone known as the " Clee Hill

marble." Columns of great length and breadth have been occasionally extracted. Beautiful examples of these

may be seen in the mansions of Oakley Park, Downton Hall, and Hoptoun House.

These beds of limestone are

very inferior in quality.
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the top of the Old Red Sandstone. The Oreton limestone, like that described p. 119,

is cut through by many transverse faults, on the side of which the strata are thrown

up at different angles of inclination and in devious directions, giving to the zone that

distorted outline seen upon the map. The Farlow Brook runs through the fissure pro-

duced by one of these faults, the limestone on its left bank being broken into separate

masses, one dipping west-south-west, another south, and at angles varying from 20° to

60°. However discordant these masses may be in regard to each other, they all repose

upon and dip away from the Old Red Sandstone, and pass beneath the unproductive coal

measures or millstone grit. In one of the quarries south of Oreton, the strata are sud-

denly snapped off, and a large mass of the rock being pitched at an angle of 70° to the

south-south-east, lies unconformably against the millstone grit of Oreton Common.

(PI. 30. fig. 1.) In the quarries east of the principal road, the beds are thrown round

and dip south-south-west at an angle of 45°. They are traversed by large fissures per-

pendicular to the planes of stratification, and the beds on each side of them are shifted

twelve to fifteen feet.

Few organic remains can be detected in the fine oolitic beds, but those in the shale

and impure limestone are similar to the fossils of the Knowl or Clee Hill limestone.

Although the oolitic structure occasionally appears in the carboniferous limestone of

other parts of England, particularly near Bristol, I am not aware of any district which

offers such large and massive strata of this variety of rock.

Such are the relations and structure of the carboniferous strata of the Titterstone

Clee Hills. These fields are of great economical value, supplying with coal a large sur-

rounding country, including the South of Shropshire, the North of Herefordshire, the

whole of Radnorshire, and other large portions of Wales. It is therefore of high import

to consider the probable quantity of unwrought coal remaining in them, particularly

when, as will be shown in the sequel, the geologist knows, that however extensively

the mineral may be discovered in other tracts upon the east, no bed of coal can ever be

found in any portion of that large adjacent territory of England and Wales which now

procures its fuel from these hills. (See Map and general section.) It has been already

stated that the Knowlbury and other works situated without the range of the basaltic

rock will very soon be exhausted, and that the chief mass of coal lies evidently beneath

the great sheet of basalt, extending from the Hoar Edge on the west to the eastern limits

of the Cornbrook works. In this large space there yet remains much untried ground,

and there is reason for inferring, that not only a sufficient supply for many ages yet

remains within the limits of Mr. Botfield's ground (that which lies to the east of the

great basaltic dyke), but that a very large mass of coal may exist under the Hoar Edge

to the west of that dyke,—points to which we shall specially advert in describing the

nature and position of the associated basalt. (See the next chapter.)

The iron ores and the limestone with which they are associated, in these hills, are
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very superior in quality to those of the great Staffordshire field
1

, and at first sight it

appears surprising, that these valuable products should not be turned to better account.

They are, however, excluded from fair competition, by the want of means of transport

;

and it is painful to record, that with all the spirit and enterprise which can be be-

stowed on such works, the manufacture of iron in the Clee Hills is attended with little

profit. Vast heaps of the finest ore have lain unheeded for many years on the high

grounds of the Brown Clee, and it is only by the actual juxtaposition of the coal, iron-

ore and lime at Knowlbury, in a lower and more favourable position, that Mr. Lewis is

enabled to sell, though at a very small profit, a manufactured article of the very first

quality. The construction of canals or rail-roads would soon render the Clee Hills the

centre of wealth and industry.

Coal-field of the Brown Clee Hills. (PI. 30. fig. 6. north end, and PI. 31. fig. 4. south-

east end.)

The Brown Clee Hills consist of two distinct elevations called the " Clee Barf" and

the "Abdon Barf." The latter is 1806 feet above the level of the sea, and is the

highest land in Shropshire. The summits are composed of basalt, beneath, or on the

slopes of which, are thin carbonaceous deposits containing seams of bad coal. No
basalt occurs in situ on the sides of these hills, but rolled fragments of that rock en-

cumber the surface in many places.

These carboniferous tracts, the loftiest in Great Britain, are surrounded on all sides

and separated from each other by the Old Red Sandstone ; and as it rises to a consi-

derable height upon the flanks of these hills, the thickness of the overlying coal mea-

sures can at once be read off by any geologist. Their dimensions are further proved

by numerous works which penetrate them, and in consequence of the Old Red Sand-

stone dipping inward from the sides of each of the hills, the coal is clearly seen to lie

in two elevated and broken basins of shallow depth. See Map and Sections above men-

tioned.

In some parts of the Clee Barf there are three beds of coal, the uppermost being about two feet,

and the second, called the Batty coal, about three feet thick, and the third or single coal about two

feet six inches in thickness. The two upper coals, usually pyritous and of a very inferior quality,

1 I need hardly tell my readers that the discoveries by which iron ore was found to be convertible into

wrought iron, through the application of furnaces fed with coal, and the admixture of limestone as a flux,

have completely driven oat of the pale of commercial speculations, all those fields of iron in which the ore is

not directly associated with the other minerals required in its manufacture. Such for example was the effect

upon the great forest tract in the wealds of Surrey, Sussex and Kent, which formerly supplied the metropolis

with iron wrought by charcoal, and which still contains a much greater quantity of iron ore than many of our

coal-fields, and often of purer quality. In the last century, before the manufacture of iron by coal was com-

menced, the ores of the Clee Hills were most largely and profitably worked, though transported to forests on

the banks of the Teme, to be smelted with charcoal.
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are separated from each other by only about nine feet of clod and shale. The Batty coal, indeed,

is frequently near the surface, the uppermost bed being often wanting. The only seam worth ex-

tracting is the single or bottom coal, which lies in some places twelve feet beneath the Batty coal •

but this depth varies in different parts of the hill. The intervening strata consist of clod and

shale known by the workmen as petticoat measures, horse-flesh measures, &c, and of one band

of sandstone, about nine feet thick, called the level rock. Ironstone nodules of the richest

description occur in the lowest part of the series. Much of this coal, particularly that of the upper

beds, is in a half-consolidated state, the vegetable fibres appearing prominently in the mass and

giving to it the aspect of charcoal. Coals of similar character are much less frequent in the Titter-

stone Clee field, where they are termed mother, but they often occur in the poor and thin coal tracts

of Shropshire, and have been noticed in the previous chapter at Tasley near Bridgenorth. The lowest

coal rests upon a deposit called the Bottom Rock, which is a hard, white, siliceous sandstone, and is

the equivalent of the Millstone Grit. In the ravines upon the flanks of the hills it reposes on the Old

Red Sandstone, without any traces of carboniferous limestone. The maximum thickness of this rock

does not exceed two hundred feet.

Coal has been wrought on these hills from time immemorial, and numerous old shafts

attest the extent of these operations, by which indeed nearly all the best coal has been

extracted. As the ground, however, has never been regularly allotted, each speculator

having begun his work where he pleased, and abandoned it when he encountered a

difficulty, it is impossible to say how much of the mineral has been wasted and what

quantity may remain beneath in unconnected and broken masses. On the sides of the

Abdon Barf most of the present shafts are shallow, but in former times it appears that

a pit was sunk to a depth of seventy yards, first, through a considerable thickness of

disintegrating basalt, and afterwards through the batty coal to the ironstone measures.

The deepest shafts in the Clee Barf are eighty yards, the shallowest fourteen to fifteen,

and between these two extremes, there are pits of intermediate depths. They are all

worked by the common windlass, a single man sometimes raising coal from a sixty yard

shaft, aided by the counterpoise of only an oaken block or " Jack." Owing to their

lofty position these coal works are almost entirely free from water, which, except where

it lodges in the decomposed basalt, termed "gravel," percolates as rapidly as it falls

through the numerous cracks by which the hills are fissured. The workmen, however,

have to contend with rather an unusual natural obstacle to mining, in the winds which

blow with great force against this lofty and unprotected district, and which not only

render the labour at the pit's mouth difficult, but, without certain precautions, would,

at times, entirely stop the works. The most violent winds are from the west and south-

west, and during their prevalence the galleries are filled with powerful gusts accompa-

nied with much noise. This furious ventilation prevents, of course, the collection of

any fire-damp, so that the Brown Clee miner is compensated for working in these

cold and noisy chambers by the absence of all noxious gases
1

.

1 The action of the wind in the galleries is checked by a pipe, one end of which reaches the extremity of the

working ground, and the other is fixed in a " suff" or stone bed to a vertical cylinder which rising to the sur-
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The coal measures of these hills are intersected by a vast number of small faults, one set of which
trend from north to south, the other from east to west. In the Abdon Barf there are four principal

faults (see Map), two of which have the north and south direction, the other two from east to west
cutting the former at right angles. The north and south faults range along the coal measures on
the eastern slope of the hills, where no basalt overlies them, one near the junction of the coal with
the Old Red Sandstone, the other passing within two or three hundred paces of the cap of basalt.

The two transverse faults (termed facing faults) are about eleven yards in width, and affect all the

measures and faults up to the edge of the basalt, and are therefore of the most recent date. The
north and south faults are upcasts towards the basaltic summit ; the principal or lower south and
north fault being an upcast of twenty-six yards. The upper north and south fault is only an upcast
of about six yards, and neither of the east and west faults exceeds that amount of dislocation. Be-
sides these, there are innumerable minor north and south faults, which are all upcasts reckoning

from the Old Red Sandstone of the surrounding low country as a base line. (See coloured section,

PL 31. fig. 4. south-east end.)

In the Clee Barf the faults are not large, and unlike the Abdon Barf the coal has been
proved, if not worked out, under every part of it. In this hill most of the faults are

more or less from east to west, producing small and trifling upcasts to the south. The
fissures resulting from these dislocations are filled with an indurated breccia of coal

measures (clods, shale, sandstone, &c), the miners persisting that no fragment of jew-

stone or basalt was ever found in them.

The most extensive of the east and west faults are those by which a large mass of the

Old Red Sandstone has been heaved up to the same level as a portion of the coal, so as

to occupy the depression between the two basaltic summits, and thus to separate the coal

measures into the two small tracts described. (See Map and section, PI. 30. fig. 6.)

The bare recital of these various dislocations may have caused my readers to infer,

that the same beds of coal must be found at many different levels, and they will doubt-

less also perceive that such disturbances, added to the ascertained fact of the thinness of

the coal seams, must ever render the Brown Clee coal-field of slight economical value.

face terminates at the pit mouth in a wooden, trough-shaped funnel. The result of this simple machinery is,

that a strong column of air being forced down this cylinder, the wind coDected in the chambers is expelled by
the shaft mouth, on in other words an equilibrium is established. It is believed by the workmen that the wind
enters the galleries through the cracks on the sides of the hills. The men at work at the pit's mouth shelter

themselves from the tempest by hurdles secured to large blocks of basalt.

I



CHAPTER IX.

CARBONIFEROUS SYSTEM (continued).

Trap Rocks of the Clee Hills ; their composition and relations ; effects of their

eruption. (PI. 30. figs. 6 and 8.)

The rock which occupies the summits of these hills is, as already stated, a pure

basalt. It is indeed of so uniform a structure, that a specimen detached from the

Abdon Barf of the Brown Clee Hills, can scarcely be distinguished from one obtained

in the Cornbrook or south-eastern extremity of the Titterstone Clee, although these

places are about seven miles distant from each other. There are few good natural

sections or vertical faces of the basalt, the sides of the hills being encumbered with

many large fragments which have fallen from the summits, producing rugged inclined

planes. The rock is, perhaps, best exhibited at the culminating point of the Titterstone

Clee, called the "Giant's Chair," where it stands out in rude, irregularly-shaped columns

(chiefly quadrangular) of four and five feet in diameter and ten to fifteen feet in height,

which are crowded together in a confused Cyclopsean pile, as represented in the above

wood-cut. Here the columnar shape is the result of joints more or less vertical ; but

besides these, there are horizontal laminar divisional planes at right angles to the former,

which, when the rock occurs in solid continuous sheets as in Hoar Edge and Cornbrook,

Q
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give to the mass an appearance of being stratified. These latter divisions may indeed

have primarily owed their existence to the form of the stratified deposits over which

the basalt or lava flowed, when first emitted from its vent ; whilst the vertical or

columnar joints, being at right angles to the surface of the underlying deposits, must

have doubtless resulted from the subsequent shrinking of the molten matter, as it

cooled down and passed from a soft into a solid state.

It had long been known that the basalt overlies the coal-field in thick sheets, for

these are penetrated by shafts, to the depth in some places of sixty-four yards ; but it

was not ascertained till lately that this basaltic matter had been erupted through the

strata of the coal measures before it overflowed them. This idea, as applied to the Clee

Hills, was first broached by Mr. Bakewell, who appears to have framed his hypothesis

upon evidence collected in a passing visit from some of the miners, respecting what

they termed the great "Jewstone" fault; the basalt being known in this country under

the name of "Jewstone." I have, therefore, great pleasure in being able to announce

that his conjectures were correct, and that recent workings have completely established

the fact, that there does exist a subterranean conduit or eruptive channel by which the

volcanic matter was protruded to the surface. This phenomenon has recentlybeen brought

into a clear light by the spirited exertions of Mr. Lewis of Knowlbury. To comprehend

the nature of this discovery it is necessary to refer to the map, in which is marked a

somewhat devious line proceeding from south-west to north-east, across the great tabular

mass of basalt which covers the greater part of the productive coal-field of Cornbrook.

This line indicates a great fault which cuts off the coal-field of Cornbrook on the south-

east, from that of the Hoar Edge and Horse Ditch pits on the north-west. This inter-

position of a wall of basalt was proved by the former workings of Mr. Botfield along

the north-western edge of the Cornbrook field. Another proof of basalt having been

erupted upon this line of fissure, was detected at a little mine of Mr. Botfield's called the

Hill work, where a patch of coal, situated upon and near the south-western termination

of this fault (containing the three principal seams,) was fairly worked out and found to

be based upon as well as flanked by basalt. (See PI. 30. fig. 8.) The greatest breadth

of this little work, viz., one hundred and fifty yards, seemed to indicate the width of a

subterranean channel or tube of eruption. A portion of " the Hill work" within the

Treen Pits liberty was also carried down to the basalt, and the beds of coal and iron-

stone were found to be the same as at the Treen Pits and Cornbrook, with this excep-

tion, that the great or upper coal was wanting.

In this state of our knowledge respecting the probable source of the basaltic matter,

Mr. Lewis commenced two operations ; one to prove the width of the basaltic dyke or

channel of eruption ; the other to ascertain whether productive coal measures existed

under the portion of the basaltic sheet called the Hoar Edge. To prove the width and

nature of the basaltic dyke, or " Jewstone fault," between the hill work and the Treen

Pits, a shaft was sunk close to the side of the wall of basalt, which there rises to the



COAL AFFECTED BY BASALTIC ERUPTION. 127

height of fifty to sixty feet above the lower ground where the mouth of the shaft was

placed.

s.w.

Broken Basalt.

Beds of Coal.

Various old pits had been sunk at short distances from the wall of basalt, but the

speculators had always avoided trials at this very spot, for it was supposed to be pre-

cisely upon the continuation of the " Jewstone fault." After penetrating about twenty

feet of rotten Jewstones, various measures were passed through, and three of the four

beds of coal so well known in these hills were proved. On following the coals (a, a, a,)

to the north-east or towards the edge of the plateau of basalt, the three-quarter and the

great coal were both found to change their characters, and to become lighter and of

little value, and still nearer the basalt they were completely changed into a sort of dull

sooty substance, in which all the structure of coal was lost, but in which were dissemi-

nated many small flakes of anthracite. This altered mass (b, b,) was further disco-

vered to be in contact with a wall of basalt (c, c,) which, flanking the charred accumu-

lations, bulged over it irregularly as represented in the wood-cut. The ends of the coal

seams in contact with the basalt were slightly turned up, and the junction stuff" was

coloured red, most probably by the decomposition of the adjoining basalt which was

in the state of " rotten Jewstone 1 " for a width of four or five feet. The three upper

coals and ironstone measures were all in their regular places. The lower coal was not

proved, owing to the inferior condition of the overlying seams. The following remark-

able circumstances attend this junction of coal and basalt.

1st. The altered condition of the great coal; the light black matter proving on

examination to be still bituminous and to give off flame under the blowpipe, so that

however the change in its composition may have been effected it is still capable of

yielding carburetted hydrogen gas. The separation from this sooty mass of the small

crystalline flakes of anthracite is also a curious fact and worthy of attention.

2ndly. The Smith coal was zmaltered notwithstanding the marked changes observed in

the overlying coals, an anomaly which is left for the chemist to explain.

The width of the basaltic dyke being ascertained to be about one hundred and fifty

1 The miner's term for decomposing basalt.

q2
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yards, trials were commenced to determine the second object, viz., the existence of coal

measures under the basalt of the Hoar Edge, or in other words whether the basalt on

the north-western side of the dyke had there flowed over the coal as in Cornbrook.

A first shaft was sunk close to the north-western flank of the Hoar Edge, and after

passing through a few feet of fallen Jewstone, it traversed a suite of promising coal

measures, consisting of shaly sandstone, clunch, bind, clod, ironstone, and grits both

coarse and fine, with many impressions of plants and a small seam of impure coal or

" flam," all of which, though so near to the basaltic edge, were little disturbed. It was,

therefore, probable that the contiguous sheet of basalt had not been erupted very near

to this escarpment of the Hoar Edge, which agreeing with the phenomena observed

along the Jewstone dyke, still more confirmed the hypothesis, that the dyke alone had

been the chief channel of eruption, and if so that the space of nearly half a mile which

is interposed between the north-western side of the dyke, and the Hoar Edge (see Map
and PI. 30. fig. 8.), might be a productive coal-field, like that of Cornbrook, simply co-

vered by a sheet of basalt. This first trial, though thus promising, was abandoned 1 on

account of a great influx of water, and a second was commenced with an adequate en-

gine a little further removed from the basalt. The shaft, after passing through ninety-

one yards of overlying measures, including a sandstone rock twenty-one yards thick,

with the other strata, consisting of "horse-flesh" measures, bind, balls of ironstone,

coal smut, &c, reached a four-foot coal of good quality. As the object of Mr. Lewis

was to prove the full extent and value of his mining ground, he continued to sink

beneath this bed of coal in hopes of finding other seams. After penetrating, however,

to the depth of thirty-four yards below the coal, through rocky and grey-coloured clunch

with coal plants, and after passing the bottom sandstone rock, instead of discovering

another coal seam, he unexpectedly met with a singular mass of a dingy red colour and

without appearance of bedding. Having driven downwards in this mass to the further

depth of twenty-two yards, without being able to discover the least change in its mineral

character, he made a horizontal drift aross it to the west, not far beneath its summit.

In a few yards the work passed from the red rock into the coarse grit and con-

glomerate of the millstone grit, the edges of the beds of which were turned up at the

point of contact with the red mass. (See PI. 30. fig. 8.) Mr. Lewis thus saw that he

had reached the very bottom of the coal-field, but the nature of the red rock was still

a matter of surprise to him. He next drove a gallery towards the opposite side, and

rather in an ascending direction, i. e., towards the productive coal-field; and in an equally

short distance the opposite extremity of the red substance was reached and the work-

men were again in coal measures. At this period I happened to visit the works, and

the following data appeared to me to be well established. 1st. As this red rock when

first exposed was but little broader than the mouth of the shaft, and at the depth of

1 It was the intention of Mr. Lewis, when I last visited this county, to proceed again with this shaft, and to

connect it with his work, when by his new operation at a lower level he shall have drained the ground.
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twenty-two yards had widened considerably, it was proved to be a mass of conical shape

rising up through the strata of the coal-field. 2ndly. When quarried underground this

singular mass was tolerably hard, but on exposure it became quite soft, crumbling into

a number of small round sub-conchoidal lumps. 3rdly. The composition of this rock

as well as its intrusive characters proved it to be of igneous origin. The base contains

much silex and some peroxide of iron, with disseminated crystals offelspar, and it acts

slightly on the needle. It must be considered as belonging to what has been called

" trap wacke " by mineralogists. The strata on the eastern or coal-field side of this in-

truder consisted of broken chinch, and also of a detached and highly dislocated band of

grit thrown quite across the other beds described. (PI, 30. fig. 8. a #
.)

Further to ascertain the condition of the ground, Mr. Lewis continued his lower drift horizontally

towards the basaltic cap of the Hoar Edge for the length of fifty-two yards from the vertical shaft,

carrying it along under the bottom coal rock; and throughout this trial the measures proved to be

very regular, little faulted, and dipped at slight angles to the south-east or towards the centre of

the basin. This examination, therefore, leads very naturally to the inference, that as the measures

approach the centre of the coal-field, the coal may expand, and that Mr. Lewis may one day be

rewarded by finding all the other coal seams as regularly in their places beneath the sheet of basalt

at the Hoar Edge, viz., on the western side of the Jewstone dyke, as in the great works of Corn-

brook before described. (See Map and diagrams, PL 30.) There can, indeed, exist no good reason

why the coal should not be as largely developed on the one side of the great Jewstone dyke as on

the other.

Theoretically, the discovery of the conical mass of trap is of deep interest in explaining

the method by which the sedimentary deposits of these hills have been so powerfully

disturbed. It was certainly a most happy accident for the geologist, that this coal shaft

should have been sunk precisely above the narrow apex of a cone of this rock, and we
are greatly indebted to Mr. Lewis, both for continuing his sinking to a depth of nearly

seventy feet in this mass, and for his successful endeavours to regain the coal seams, in

doing which he determined the form of the intruder. This cone of trap may be sup-

posed to have been the result of an effort towards eruption, which though not reaching

to the surface, has produced many of the effects common to such intrusions, whilst the

chief source of eruption has been the great jewstone fault, through which all the pure

basaltic matter has been ejected, and which reaching the surface has overflowed the

principal coal-field in the manner before explained.

Basalt of the Broivn Clee Hill.—The lithological structure of the basalt of the Brown
Clee is, as already stated, in every respect identical with that of the Titterstone Clee, and

crowning the summits of the Abdon and Clee Hill Barfs, it also overlies the carboniferous

strata in the latter hill. We have not here the same clear proofs of a channel of eruption

as in the Titterstone Clee, but from the evidence of some of the oldest workmen, there

is every reason to think that the basalt of the Abdon Barf, or the highest point, forms

a solid and unfathomable mass, particularly at the northern end. In all other parts of
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these hills the basalt is either in a broken state, or has been penetrated in search of

coal ; but at the northern part of this Barf, trials made eighty or ninety years ago to a

very considerable depth, still left off in a mass of solid basalt. "We may therefore pre-

sume that this was a funnel of eruption, and that from this point the igneous matter

flowed over, and covered the coal measures of the adjacent Clee Barf ; for there, as be-

fore stated, the basalt is a mere sheet which has repeatedly been penetrated in search

of coal. If such were the case, vast changes, however, must have taken place since the

emission of the basalt ; for there is no longer any continuity between the mass on the

summit of the Clee Barf, and the point of eruption at Abdon Barf, the higher and the

lower summit being separated by a depression occupied by the Old Red Sandstone.

The relative altitude, however, of the two hills tends to favour the belief, that the

basalt capping the lower hill, originally descended from the higher point of eruption,

the intervening or connecting mass having been since denuded.

It has already been shown, that the Brown Clee Hills have been affected by two sets

of faults, the one from north to south, coincident with the main direction of the ele-

vated mass or major ellipse of the coal tract, the other from east to west, or transverse

to the chief direction of the ridge.

Some of these fractures were doubtless produced after the period of great volcanic

activity, though it has been clearly proved, pp. 127, 128, that the most powerful dis-

locations were directly the result of basaltic eruption. Again, the discovery of the sub-

terranean cone of trap rock described, p. 129, leads us naturally to suppose, that such

agents may have caused some of the contiguous faults j for similar hidden and conical

masses of igneous rock may exist at other points.

There is, indeed, no difficulty in reading off the method by which this tract has at-

tained its present relations ; for here we see a coal-field placed at a higher level above

the sea than any other in Great Britain, affording on its sides and in its centre the

clearest proofs of having been heaved up into its present position by powerful forces

acting from beneath, which have thrown the carbonaceous masses into separate troughs

or basins j whilst the ground is rife with volcanic rocks to testify, that the heat which

evolved them, and the earthquakes which accompanied them, must have been the agents

in dismembering those carbonaceous strata which were once spread out continuously

beneath the sea.

Without anticipating subsequent observations I would remark, in passing, that here

as at Coal Brook Dale, the best-defined line of outburst, or that of the Hoar Edge and

Cornbrook fields, is parallel to other and more ancient lines of eruption in the Caradoc

Hills, of which we shall treat in the sequel, as having elevated the Silurian rocks.
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CARBONIFEROUS SYSTEM {continued).

Coal-field and Trap Rocks of the Forest of Wyre.

Coal-field of Wyre or Bewdley Forest.—A. LARGE tract of country occupied by car-

boniferous strata, extends from a narrow zone south-west of Bridgenorth to the western

flanks of the Abberley Hills in Worcestershire, a distance from north to south of about

twenty miles. The greatest width of this tract is in the Forest of Wyre or Bewdley,

where it is expanded to five or six miles ; but its outline is more irregular than that of

any field hitherto described, for in many points it runs out in promontories almost en-

tirely cut off from the chief mass. The tract is bounded on the west by the Old Red
Sandstone on which the measures repose, without the intervention of any portion of

carboniferous limestone ; and to the east, or along the banks of the Severn, by the

lower members of the New Red Sandstone, which overlie the coal strata. Some
of the detached patches south of Abberley rest upon Silurian rocks. A reference to

the map and the general section PI. 30. fig. 1. which traverses this tract will enable the

reader to understand these general relations.

Notwithstanding the large surface which it occupies, this coal tract is of very slight

value, owing to the thinness of the beds, and the inferior quality of the coal. Let us

now examine the district from north to south. The most northern portion is not more

than two and a half miles distant from the little stripe of coal at Tasley, near Bridg-

north, described in the seventh chapter, the intervening space being occupied by both

the Old Red and Lower New Red Sandstone.

Poor and pyritous coal occurs occasionally in sandstone and shale from Lower Holycott to near

Deuxhill; and coal was also formerly worked at Little Scotland, Ewdon George, and Tedstill.

The deposit is thin, the shafts not exceeding thirty yards in depth, and only one bed of poor sul-

phureous coal was extracted ; nor is it possible that more profitable works may be conducted, as

the Old Red Sandstone underlies and flanks the coal on all sides. (See Map.) From Glazelyto the

east of Billingsley, a narrow zone of coal measures occupies both banks of the Borle Brook, on the

eastern side of which they are worked in one or two spots, (Chelmarsh Common, &c). This band

contains at least three seams of sulphurous coal, but only one is now extracted. The measures dip

slightly to the south-east, passing like those of Tasley, conformably beneath the LowerNewRedSand-
stone. Here indeed there can be no ambiguity, for the red sandstone with calcareous conglomerate or
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cornstone actually occupies the top of Chelmarsh ridge, at the western sides and at the bottom of

which these coal seams and associated strata are exposed beneath an actual cover of red rock. As

there is a perfectly conformable passage, in descending order, from the lower beds ofthe red sandstone

through stiff argillaceous shale, greyish white sandstone &c, into the coalbearing strata, we have

here an additional example to the many cases of similar passage observed in Salop and in Stafford-

shire. The uppermost coal, called the little coal, is worthless,—the second, or the top coal, is

occasionally worked, and is here twenty-two inches to two feet thick. In the bed of the brook and

dipping beneath this coal is a band about a foot and a half thick, made up concretions of impure

limestone, a complete coal measure cornstone. It is of a mottled grey colour and much resembles

the calcareous zones, in similar geological positions, between Hales Owen and Hagley in Worces-

tershire. (See pp. 56. et seq.)
1 The lowest coal has been worked at a depth of about forty yards

beneath the limestone, and is two feet six inches thick.

At Billingsley there were formerly extensive speculations, and shafts were sunk to considerable

depths, through three beds of coal, the lowest of which was said to be a sweet coal. The most va-

luable mineral, however, of these works was the ironstone. The operations, however, terminated

in the ruin of all concerned, owing to the impure nature of the coal, and the very dislocated condi-

tion of the strata. The carboniferous strata of Billingsley extending to the south, surround the hills

of trap rock in which the park and house of Kinlet are situated. There are some fine escarpments

of sandstone exposed on the sides of the small brook near the New Buildings. Lower Harcott,

however, is the only locality with which I am acquainted where the coal is free from pyritous admix-

ture. It is there extracted in shallow pits on both banks of the rivulet which flows between Kinlet

Park and High Green, and from four different seams, which occur in the following descending order :

ft. in.

Sandstone and shale, thickness variable.

1st Coal 3 0

Clods and ironstone 3 0

2nd Coal, sometimes sulphureous 1 6

Ciods and ironstone 3 6

3rd Coal thins out in some places to 1 foot 6 inches 4 0

Shale and measure 2 0

4th Coal 2 0

These little seams of coal lying so near each other, may almost be considered as one stratum, and

ironstone, said to be of good quality, underlies this coal, as at Billingsley. The highly dislocated

state of these strata is adverse to profitable enterprize ; and the juxtaposition of the trap rocks on

one side, and of the Old Red Sandstone upon the other, forbids our speculating upon any con-

siderable extension of the mineral. Indeed the coal crops out in patches on the sloping side of the

hills of trap, west of Kinlet Park.

1 The calcareous concretions in the carboniferous strata of this tract were, as previously stated, first noticed

by the Rev. T. England, p. 60. I have great pleasure in thus recording my sense of the accuracy of this portion

of that gentleman's observations, though I differ from some of his opinions : in the sequel, however, it will be

shown, that the local anomalies are such, that by the study of this tract alone, it was not easily practicable to

separate the concretions of the Coal Measures and Lower New Red from those of the Old Red Sandstone.

2 There is no exact record of these workings. The only coal now extracted is highly pyritous, and lies at

about thirty yards beneath the surface. An old workman informed me that there was great confusion and dis-

location of the strata, and that in one shaft all the three coals were squeezed together.
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Though the coal seams are of slight value, quarries of fine building-stone might be

wrought in the sandstones which extend over the Forest of Wyre, and are prolonged

to the north-east of Stanley-upon-Severn. A beautiful variety of this rock has recently

been exposed by Mr, Child on the south-eastern face of Kinlet Park, where blocks of

any dimensions could be raised, rivalling in quality the best building-stone of the coal

measures of other parts of the kingdom 1

. It would be tedious if not useless to empty
memorandum books, in which are noted details of these coal measures, consisting of

alternations of thick-bedded sandstone and shale. The banks of the Severn from Upper
Arley to Bewdley afford excellent sections of such beds, particularly upon the right

bank of that river under Cliff Wood, where grits and sandstones both thickly and thinly

bedded, are interlaced with shales of various colours.

At Stanley near Higley, the carboniferous strata wedging out into a narrow zone,

flanked on the west by the Old, and on the east by the New Red Sandstone, are

thrown unconformably against the latter. (See PL 30. fig. 9.) This fault is therefore not

analogous to that of Lydney, on the eastern flank of the Forest of Dean in Gloucester-

shire, with which it has been compared 2
. In the latter case the carboniferous limestone

forming a girdle round a very regular coal basin, is suddenly lost, owing to a fault,

which brings up the Old Red Sandstone into contact with the coal measures ; but

throughout the Stanley tract, the coal measures uniformly repose, at once, upon the

Old Red Sandstone, the carboniferous limestone not being in existence ; whilst the rock

at this point, which from its mineral aspect was supposed to be Old Red Sandstone,

is nothing more than the lower portion of the New Red System, which can be followed

to Chelmarsh ridge, and is there seen to overlie these coal measures. This rock is here

brought abruptly against the coal by an upcast of the latter, as in many parts around
the Coal Brook Dale and Dudley fields

3
. (See chapter 4. pp. 57, 60.)

At Stanley there were formerly extensive coal works, which penetrated the overlying coal sand-

stone to a depth of thirty-three yards, when two seams of poor and pyritous coal were reached at a

further depth of eighty-four yards j and beneath other beds of sandstone and white rock was a lower

coal, consisting of four small seams, which though in parts slightly sulphureous, was said on the

whole to be equal in quality to that of Lower Harcott. These works have long been abandoned,

owing chiefly to the bad quality of the coal, and to the strata being dislocated as well as cut off on
their western and eastern flanks by the great fault of Higley and Alvely. (PI. 30. fig, 9 f ) Hori-

zontal galleries were formerly driven on to the east from these coal works, until the Lower New
Red Sandstone was reached, and the fault was completely stripped. (See PI. 30. fig. 9.)

A mass of these coal measures extends on the left bank of the Severn, about four miles to the

High Grounds above Arley Wood. In some parts it is only a few hundred paces in width, as at

1 The proximity of fine masses of sandstone to the navigable river Severn may, at some future day, excite

speculation in these quarries.

3 Messrs. Buckland and Conybeare, South-west of England, Geological Transactions, vol. ii. p. 285.
3 In all the portion of the Map relating to this district, the geologist will perceive great changes in the

boundary lines of previous geological Maps.

R
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Shatterford Turnpike-gate, in others it expands to a mile and even more. It is flanked, like the

narrow zones of coal at the Borle Brook and Stanley, by Old and New Red Sandstone, and the de-

posit is thin and of little value : it is also divided through a considerable portion of its course, by

a basaltic dyke, on the sides of which the strata are exceedingly disturbed and broken (PI. 30. fig.3.).

Some money has been expended in this neighbourhood, but all the works are now abandoned, with

the exception of those near the trap dyke, where the coal is actually thrown up "today," and from

which the poorer people extract a scanty supply of fuel.

An equally profitless and still smaller tongue of the coal measures, passes from the Forest of Wyre

to the left bank of the Severn, opposite Dowles, near Bewdley. It is bounded on the north by the

Old Red, on the south by the New Red Sandstone, and has been partially worked, but the pits

were abandoned almost as soon as commenced.

The coal measures near Bewdley, and extending thence by Ribbesford Upper Woods to Stagbury

Hill, are still less productive, for they merely consist of the lower grits and conglomerates of the

series. The strata are often exposed in highly inclined positions. Thus at Bark Hill near Bewdley,

the grits dip south-east 45°, abutting unconformably against the New Red Sandstone, on which

the town is built (PI. 30. fig. 2.) Most of the strata are undistinguishable from the ordinary

millstone grit, but in the hills west of Ribbesford, the grains and pebbles of quartz, more or less

rounded, are inclosed in a greenish argillaceous paste, which has the appearance of decomposed trap,

similar to the tufaceous conglomerate of Hales Owen, in the southern extremity of the coal-field of

Dudley. At the eastern edge of Ribbesford woods and close to the banks of the Severn, one of these

coal measure conglomerates dips at a high angle to the north-east, and consists of a coarse admixture

of rounded pebbles of quartz rock, some as large as a child's head, smaller pieces and fragments of

trap rock, porphyry, and much green earth, perhaps derived from decomposed amygdaloids, the

cement being slightly calcareous. It is associated with red shale, whitish sandstone, &c. Another

variety of these conglomerates occurs at Dumbleton, where it has been quarried to a depth of fifty

feet in the following descending order :

—

Yellowish clay; yellowish flag-like sandstone; yellow and purple shale; shale, with stony bands;

irregular courses of grit, becoming coarser downwards, but separated from each other by thin seams

of red and yellow clay; hard argillaceous conglomerate of a greenish colour, containing small pebbles

of rounded quartz ; and trap rocks including pink compact felspar, some of the size of eggs. The

conglomerate is usually in a decomposing state, and is occasionally traversed by strings of crystal-

lized carbonate of lime. These strata, which are nearly horizontal, lie in unconformable juxta-

position to the Old Red Sandstone, and are a continuation of the conglomerates near Bewdley.

On the western boundary of the Bewdley Forest the measures contain a few seams of poor coal,

which are worked at King's Wood, Baveney, &c. ; but at the latter place the whole series is very

thin ; and in consequence of the broken and uneven surface of the underlying Old Red Sandstone, the

carboniferous strata are thrown into partial saddles and curvatures. At this point the coal measures

are distant only about two miles from the eastern limit of the coal grits of the Clee Hills, the inter-

vening country consisting of Old Red Sandstone.

At Bayton and Mamble, south of Cleobury Mortimer, there are numerous coal-pits near the line

of junction with the Old Red Sandstone ; and coal measures extend over the parishes of Rock and

Pensax to the western foot of the Abberley Hills. In some of the pits near Pensax, the shafts are

from thirty to forty yards deep, passing through white sandstone ; and two coals are worked, of

which the upper or yard coal is the best. A third and lower coal, of inferior quality, is not

extracted.
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At Mamble, where there are also three seams of coal, the two uppermost are separated by only a

foot or two of clod, but the third or lower, lying nine yards beneath them, is harder and better in

quality. It is from two feet to two feet four inches thick, and is reached by shafts at depths from

forty to sixty yards. The beds here dip slightly to the north, and are not dislocated by any faults

exceeding a yard or two in effect. This, therefore, is one of the least irregular portions of the

sterile coal tract of Bewdley Forest.

At the Menith Wood pits, near Pensax, the shafts are from fifty to sixty yards deep, and pass

through a considerable thickness of sandstone, having a northerly dip. Two beds of coal, of two

feet each, and separated by only two feet of clods, are wrought, and are evidently the same which

occur at the foot of the Abberley Hills. A lower and half-yard coal is not worked, owing to its

exceedingly bad quality. The dip in Menith Wood is northerly. The overlying coal sandstone is

exhibited in fine quarries at Pensax, and is a good building material; but it thins out towards the

Abberley Hills, where the overlying strata are composed chiefly of clunch and shale.

There is little else worthy of notice respecting the southerly portion of these coal

measures, except that the faults by which they are affected, increase on approaching

the trap rocks of the Abberley Hills, and that the strata have there been so completely

inverted that they appear to dip beneath the older formations, a phenomenon which will

be subsequently explained (PI. 36. figs. 1. to 3.)

The coal which was extracted on the western slopes of Woodbury Hill, and south

of the Hundred house, consisted merely of thin shreds of carboniferous strata, thrown

up in elevated positions, or rather squeezed up in separate patches between the trap

and Silurian rocks (PI. 36. fig. 2.) These poor and shallow deposits were necessarily

soon exhausted, and no accurate records of the works remain.

Similar patches of coal were wrought on the western side of Barrow Hill, and it is

said also near Old Storridge Hill
1

.

From the preceding details, it appears that no portion of the broken carboniferous

tract, extending from Bridgenorth to the Abberley Hills, has ever afforded seams of coal

profitable to any extent, although numberless trials have been made over almost every

part of its surface. The coal, it is true, is still partially extracted, and can be advan-

tageously used in the burning of lime. From its sulphureous properties, it is also

preferred to coal of the sweetest and best quality, in the drying of hops, for which

purpose it is much used on the south-western frontier of the coal tract j but through-

out the whole of the region described, it is little employed for household or manufac-

turing purposes. The extreme thinness of the whole formation is most clearly exhi-

bited at many points, where it forms narrow zones between promontories of Old and

New Red Sandstone, or where it rests, as at the Abberley Hills, upon the edges of

the Silurian rocks : in such situations it would evidently be hopeless to undertake

mining operations of any sort. In other parts of the field, particularly to the north-

west of Kinlet and between that place and Billingsley, the strata are so disturbed, and

1 In the first of these cases the refuse of the old pits is still to be seen. In the second, my information has

been derived from the testimony of Mr. Jabez Allies of Worcester.

R 2
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in some parts so perforated by upcasts of the underlying Old Red Sandstone or intru-

sions of trap, that no geologist would think of there resuming mining operations.

Again, the fine section exhibited on the right bank of the Severn, of the carboniferous

sandstones which compose the greater part of the Forest of Wyre, as well as the deep

natural openings in the forest, prove that the district cannot contain any valuable

seams of coal.

With respect to the connexion of the carboniferous strata with the overlying and

subjacent red sandstone, it is necessary to say a few words to prevent a casual visitor

from mistaking the true nature of these different deposits. In those situations where

the Old Red Sandstone, with its associated cornstones, rises up in knolls through the

coal measures, the appearances are so fallacious that they might induce unpractised ob-

servers to suppose, that these older rocks were truly included in the carboniferous de-

posits, particularly as calcareous concretions very similar to that of the Old Red occur

at intervals, both in the overlying lower New Red, and in the upper coal measures.

The true cornstones of the Old Red, as will be explained in a subsequent chapter, are

usually to be distinguished from those of the other deposits, by the associated strata of

red rock, which are generally harder, thinner bedded, and in other respects dissimilar

to those of the Newer Red Sandstone
;
whilst, wherever the Old Red Sandstone un-

derlies or rises from beneath, as along the western boundary of the coal-field, there can

be no mistake. There are, however, anomalous lithological appearances in some of

the rocks which flank these coal-fields on the west of Kinlet ; for example, at Prescot

Wood and Oreton, where the strata of Old Red Sandstone, though clearly passing

beneath the carboniferous limestone, put on so completely the lithological characters

of coal sandstones, that I am persuaded no one could have disentangled the subject of

its apparent intricacy, who had not worked consistently and for a long time over a large

area of the surrounding formations 1

. Again, the deep red ferruginous clods of some

parts of these coal measures (the " horse-flesh" beds of the Glee Hills) are not very

dissimilar in mineral structure from the red argillaceous marls of the Old Red Sand-

stone.

Like the coal-fields of the plain of Shrewsbury, and those patches south of Broseley,

this tract contains subordinate strata of calcareous matter, and passes up as already

stated in certain parts into the Lower New Red Sandstone, p. 60 ; but as yet I have

not discovered any animal remains to enable me to speculate on the probable condition

of the waters under which these accumulations were formed. Vegetable impressions

are numerous, and are found not only in the shale or roof of the coal, but in the district

east of Cleobury Mortimer, they are of frequent occurrence in the sandstones.

1 See an account of these yellow sandstones of the Old Red Sandstone in the fourteenth chapter. Similar

varieties of the Old Red will also be described in the Chapter upon Pembrokeshire.
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Trap Rocks in and adjacent to the Forest of Wyre.

Trap of Kinlet.—The trap of Kinlet, like that of the Clee Hills, has been intruded

amid dislocated coal measures, but in this case there is not the same clear proof of its

overlying the strata, though it occupies some of the highest knolls. This trap is a

greenstone, in which white spots of granular felspar are dotted through a base of dark

hornblende, and is therefore dissimilar in structure from the trap of the Clee Hills.

The precise relations of this rock are little known, because it occurs chiefly in the

beautiful demesne of Mr. Child, where the subsoil has been only slightly disturbed.

Recently, however, a considerable face of it has been exposed in a copse west of Kinlet

house, and it is there arranged in rude prismatic columns. The ravines on the sides of

this park exhibit sections of carboniferous sandstone and shale almost surrounded by pro-

truded masses of Old Red Sandstone, forced up, probably, by the same volcanic action

which ejected the basalt on the top of the Kinlet Hills. Besides their convulsed con-

dition, wherever they approach the trap, the strata afford another convincing proof of

the posterior intrusion of the latter. On the slopes of this trap the sandstone has a

highly altered character, being almost in the state of quartz rock
1

. As this indurated

sandstone lies in a highly inclined position close to the greenstone, there can be little

doubt that the change of structure has resulted from the action of heat.

Trap of Arley and Shatterford {left bank of the Severn).—This is another outburst of

trap rock through the same coal measures, the village of Arley being distant only about

four miles from that of Kinlet. In this case the trap forms a dyke, which has a main

direction from south-west to north-east for a distance of about two miles and a half, viz.

from near the left bank of the Severn at Worrel's Mill to Coldridge Wood, north-east

of Shatterford, and is then deflected north-north-east to Arley Wood. At Shatterford

the dyke traverses the high road from Kidderminster to Bridgenorth. The predominant

character of the rock is a light green, finish-grained and highly crystalline greenstone,

the hornblende for the most part predominating over the felspar. In some parts it ap-

proaches in character to the trap of Kinlet, and in others is not unlike varieties of the

greenstone and basaltic greenstone which is intruded into the coal series of Coal Brook

Dale. This dyke rises to the surface only here and there. To the west of the high

road near Shatterford a small coal shaft has been sunk within a few paces of the dyke.

On the wall of the dyke exposed by this shaft is a sahlbande of slaty greenstone, in

contact with which, the shale is compact and hard, resembling a lydian stone, while

the sandstone beyond it is also much indurated ; these with the succeeding beds of

1 It is called " White Jewstone" by the country people, in contradistinction to the " Black Jewstone," or

basalt. The rock of Kinlet has been long used as the best road-stone of the adjoining- country, and is brought

chiefly on the backs of asses from the summits and sides of the hillocks west of Kinlet Hall, where it is always

to be found in loose lumps and blocks, but is now wrought at the quarry before mentioned.

2 See observations on this head in the chapter upon the Caradoc trap.
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clod and coal smut, and a thin bed of coal, being all in nearly vertical positions. In

following this trap dyke from the Shatterford Gate to Coldridge Wood, we perceive

irregular alternations of coal smut, shale, and grit, with protuberances of greenstone,

some of which are largely quarried. An opening made in 1833, displayed the injection

of the trap into the strata. At the lower end of the quarry were fragments of coal and
greenstone confusedly mixed

; then followed in overlying succession, yellow clay and
clod, terminated by a thin zone of coal smut ; next a broad mass of trap, having a ten-

dency to prismatic structure, the prisms being chiefly pentagonal. On the other side of

this trap was a bed composed of irregular patches of coal, confusedly mingled with

layers of clod, grit, and yellow shale, folding over the irregular surface of the trap.

This narrow and broken band was again overlaid by basaltic greenstone, of a rude

prismatic form, and of concretionary structure ; and this mass threw off finally poor

coal seams, dipping 80° to the north-west. Future geologists examining this spot,

when the trap or hard road-stone has been extracted, may find the appearances very

different from those described ; for new phenomena are daily laid open in the quarries,

the pickaxe destroying today what it revealed yesterday.

Red and Porphyritic Felspathic Trap. {Church Hill, Stagbury Hill, Warshill.)

By reference to the Map it will be seen that three other spots in this tract are occu-

pied by trap rocks. The largest of these lies at Church Hill, three miles south-east of

Cleobury, where the trap rising to a height of nearly 1000 feet is flanked on three sides

by poor coal seams, and on a fourth by Old Red Sandstone. The next in magnitude

is Stagbury Hill, situated on the right bank of the Severn below Bewdley, at the south-

eastern termination of the coal tract, and marking a point where the New and Old Red
Sandstones are in juxtaposition. The third is at Warshill, on the left bank of the

Severn, above Bewdley, where a small tongue of poor carboniferous strata stretches

eastward, between the New and Old Red Sandstones, which beyond it are again con-

terminous, as at Stagbury. These hills are all of conical forms, and the trap of which

they consist is of a peculiar nature, and very unlike any rock previously described.

This rock, in fact, is similar in composition to the trap of the Abberley Hills, which

bound this coal-field on the south, and to that of the Clent Hills, which skirt the

southern end of the Dudley field, consisting of compact felspar of dingy red and purple

colours, and having often a quartzose aspect, somewhat resembling the corneen of French

mineralogists.

From this state of compact felspar, this rock passes into other varieties, sometimes

porphyritic, but more frequently of a very fine concretionary structure. Like the trap

hills of Abberley and Clent, these detached masses present a surface composed of only

shivered angular fragments, occasionally two feet square; and though excavations have

been made to the depth of thirty and forty feet, no solid body of the rock has ever been

attained. We can, however, have no hesitation in referring these hills to a trappean



SUMMARY OF THE SALOPIAN COAL-FIELDS. 139

or volcanic origin, since every part of their surface exposes nothing but fragments of

the same substances ; and as none of these fragments have the slightest appearance of

having been transported, but preserve the utmost sharpness and angularity of form,

there is no doubt that they have resulted from the rock having a natural tendency to

break into such forms. Occasionally, indeed, the fragments have been re-cemented

into a sort of coarse superficial breccia (exclusively trappean) , of which a good example

is to be seen in one of the narrow ravines on the eastern and wooded flank of Stagbury

Hill. The coal-measure strata in the vicinity of these hills being highly dislocated, it

would appear that the trap of which they are composed must have been erupted after

the consolidation of the carboniferous deposits. Again, as fragments of the same trap

often form a part of the central members of the New Red Sandstone, it is clear that the

eruption in question must have taken place as alluded to in the sixth chapter, either

towards the close of the one epoch, or in the commencement of the other ; and thus

we obtain geological limits for the date of these eruptions.

Having described the various intrusive rocks of this tract, let us consider for a mo-

ment the general relations of the deposits of the Forest of Wyre, and then take a short

review of the principal phenomena in the Salopian coal-fields of this vicinity.

The strata of the Forest of Wyre cannot be considered as forming different basins,

but simply as carbonaceous masses which were originally deposited upon an unequal

surface of Old Red Sandstone, without the interposition of the carboniferous limestone.

Since that period, the strata having been penetrated at many points by rocks of volcanic

origin, the whole country underwent numberless convulsions, by which the former

relations of these deposits have been much modified, and their beds thrown into un-

connected patches. From what has already been stated, the reader may doubtless

have inferred, that this and the other Salopian coal-fields are well exposed only in the

contiguity of certain eruptive rocks, and that as they dip in many places beneath the

Lower New Red Sandstone, vast carbonaceous deposits may now lie concealed by that

formation in positions where they have not been thrown up by volcanic action. Other

decisive proofs of this arrangement of the strata, so important to the future develop-

ment of our national mineral resources, will be brought forward in the chapter on the

great Staffordshire coal-field.

Independent, however, of the phenomena resulting from igneous action and dis-

turbance, the following data have been established in respect to these Salopian coal-

fields :

—

1st. The proof of a younger zone of coal passing upwards, and conformably into

the lower members of the New Red Sandstone, and containing within it a peculiar

freshwater limestone, always occupying in a long course the same position.

2ndly. The Coal Brook Dale field has been shown to contain, not only this upper

carbonaceous zone, but further a full development of the older coal strata, charged with

a mixture of freshwater, terrestrial, and marine remains, indicating an estuary origin.
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These beds, however, pass down in two localities, into bands of true mountain lime-

stone, containing exclusively fossils of marine origin.

3rdly. The Clee Hill coal-fields consist of only the lower carbonaceous masses, re-

posing upon millstone grit and carboniferous limestone. These, therefore, were probably

accumulated in a bay of the sea. (See Map, next Chapter.)

4thly. In the northern extremity of the Forest of Wyre, where the passage upwards

into the New Red Sandstone is clearly marked, no volcanic eruptions having there

burst forth to obscure the succession of the stratified deposits, a large portion of car-

bonaceous masses is thus proved to belong to the younger zone of coal measures ; but

the order of succession beneath them is not complete, for the carboniferous limestone

being absent, the coal reposes directly upon the Old Red Sandstone or Silurian rocks.

5thly. The fields of Shrewsbury and Coal Brook Dale were originally deposited

upon rocks of all ages, from the slates of the Cambrian system to the carboniferous

limestone included, the latter case being the exception and not the rule, as in other

parts of England.

Lastly. Wherever the carboniferous limestone is interpolated between the bottom coal

grits and the Old Red Sandstone, it is invariably perceived to thin out in a small range

of horizontal extension. This disappearance of the limestone is not occasioned by faults

and subsidences, but in all cases, whether at Lilleshall, Steeraway, Oreton, or on the

south of the Clee Hills, it can be traced tapering away from a central mass to thin ex-

tremities, which really wedge out between the coal grits and the older deposits. Since,

therefore, we have the clearest testimony that it has been deposited only at wide in-

tervals and in small quantities, it is obviouslyunnecessary to call in the aid of convulsions,

to account for its absence.

These phenomena are in perfect accordance with the views already partially exposed,

of the probable distribution of land and sea during the formation of the Salopian coal-

fields, great part of which were doubtless accumulated in lakes and brackish estuaries,

the occurrence of deep marine bays occupied by pure salt water (in which alone the

animals of the carboniferous limestone could have lived,) having been of rarer oc-

currence in this region. A more complete elucidation, however, of these phenomena

will be found at the conclusion of the next chapter.



CHAPTER XI.

CARBONIFEROUS SYSTEM {continued).

Coal-field of Oswestry (North Welsh Coal-field), including Coal Measures,

Millstone Grit, and Carboniferous Limestone.— Concluding Observations on

the Origin of the Salopian Coal-fields.

On the Coal-field of Oswestry.

Although this coal-field is in Shropshire, it is quite distinct from the other car-

boniferous tracts of that county, described in the previous chapters, and constitutes in

reality the natural southern termination of the great coal-field of North Wales.

The carboniferous deposits with which it is connected, extend by Chirk and Ruabon,

expand into the rich coal-field of Flintshire, and everywhere repose upon a thick girdle

of carboniferous limestone which separates them from the older rocks of the Princi-

pality
1

. Productive coal measures are only developed at certain spots along this zone.

The following brief sketch of the little field of Oswestry is given because it lies within

the geographical boundary of the annexed map ; the Silurian rocks of Montgomery-

shire being here terminated, and their edges overlaid by the strata of the carboniferous

system. In this, as in other coal tracts, the strata will be described in descending

order. (See Map and Section, PL 30. fig. 14.)

Productive Coal Measures (b. of coloured Section, PL 30. fig. 14.).—The portion of

the Oswestry field which is productive of coal is very limited, occupying a small area

between the town of Oswestry and the hills of Llanvorda, Trefonen, Treflach, and

Sweeny. It contains only two seams of coal worthy of extraction, the upper being

four feet thick and of tolerably good quality ; the lower six feet is of comparatively

1 The full description of the other parts of this calcareous zone and the overlying coal measures will pro-

bably he published by Professor Sedgwick, who has investigated that part of the country, so interesting from

the complexity of its derangements and the great wealth of some of its metallic veins.

S
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iittle value. Near their outcrop these seams are separated from each other by about

twelve yards of strata composed of shale and clod, with thin courses of sandstone.

The roof of the coal abounds in impressions of plants. The coal has, however, been

long ago exhausted in such situations, as, for example, in the hills of Treflach, where

the millstone grit rises from beneath it, but shafts were more recently at work in the

lower grounds between that place and the town of Oswestry, principally on the sides of

the depression in which the river Mwrda flows. The poor quality of these coal seams

is the chief reason why they have been wrought to so little profit, but other causes of

failure have arisen from the very dislocated nature of the strata, and the difficulties

attending the drainage of the pits.

The coal having been exhausted, and the works failing near the basset, trials have

recently been made much further on the dip, and the coal has been won in two shafts,

both of which passed through a thick cover of the Lower New Red Sandstone before

the slightest indication of carbonaceous matter was met with. One of these shafts is

at the Drillt, on the west side of the road from Oswestry to Llanymynech. The other

is on the east side of the same road, and on the grounds of Mr. Parker of Sweeny Hall
1

.

As both these works were commenced during my visits to this country, I had an oppor-

tunity of examining the overlying strata as they were thrown up around the pit mouths,

and they consisted exclusively of different varieties of red and spotted sandstone and

shale, quite undistinguishable from the ordinary beds of the Lower New Red Sandstone,

which has been so fully described in the fourth chapter. No exact record has been

preserved of the section of these beds at the first-mentioned pit, but at the new shaft

on the Sweeny Hall estate, the following was the order. The thickness of the overlying

red rock was less at the Drillt pit.

yds. ft. in.

a. Soil and embankment "1 _ . , f 4 0 0

J.Gravd
Uperftcal

( g q
detritus.

c. Loam, strong clay, and delf.. j I 7 0 0

d. Red crunch 4 2 0

e. Red bind 12 1 0

/. Soft sandstone 0 1 6

g. Red bind 11 1 6

h. Red clunch 12 0 0

i. Hard grey sandstone 10 0

Red bind 5 1 6

Jc. Red clunch 5 1 6

I. Red bind 3 1 6

m. Brown bind with ironstone 5 1 6

n. Red bind 5 0 0

yds. ft. in.

o. Red clunch 1 0 0

p. Brown bind with seams of sandstone 3 0 0

q. Greenish sandstone 3 2 0

r. Strong red bind 4 1 0

s. Red, greenish and white fine-grained sand-

1

stone I 2 10
t. Red, greenish, and grey hard sandstone... J

u. Red sand rock 2 16
v. Brown clunch 3 0 6

w. Red mixed clunch 110
x. Red mixed rock and clunch alternating,.... 18 0 0

y. Shale and faint traces of coal 0 0 0

Total thickness of overlying New)
llg j 0

Red Sandstone /

1 These examinations were made when on a visit to my friend Mr. Parker, of Sweeny Hall, to whom I am

very much indebted for facilitating my inquiries in the neighbourhood of Oswestry.
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Beneath these overlying beds the shaft at the Drillt traverses the coal measures as

detailed in this section.

Section at the Drillt Coal Works.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

Hard rock bind, with black impressions of

plants (crows-feet of the miners)

Coaly stuff.

Grey crunch with "hemp-seed" stone

Hard grey grits in parts pebbly, with coal

and impressions of plants

Dark rock bind (shale)

Ironstone

Black shale bind

Grey chinch.

Red chinch

Mushy or coaly shale

Coal

Fine stone, with black impressions ofplants

mixed with pyrites, very hard on the top,

passes down into a white rock

Black close-grained stone bind

Black ironstone

Dark bind

Coal ...

Dark shaly bind...

White bind

Blue bind

Shale and Coal

Clunch

Blue bind

Black clunch

Blue bind with ironstone concretions.

Grey clunch

yds. ft. in.

1 1 0

0 1 0

2 0 9

3 0 0

0 2 4

0 0 6

0 2 4

1 0 0

4 0 0

0 2 2

0 0 6

2 1 0

0 0 10

0 1 0

0 0 1

0 0 1

0 1 4

4 0 9

0 2 9

0 0 3

1 1 0

1 0 0

0 0 8

1 0 6

1 1 10

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Black shaly mush (impure coal)

Grey clod or ricking

Black shaly mush (impure coal)

Grey clod

Coal

Clod

Coals

Grey clunch

White bind

Black bind

Coal

Black glossy shale with two beds of iron-

stone of four inches near the bottom

Coal mixed with shale

Hard grey clunch with ironstone

Broad flaky bind

Bind and sandstone mixed with ironstone

Strong dark blue bind with plants and

ironstone

Coal

Pricking

Fine clunch or fire clay

Clunch mixed with ironstone

Strong brown bind

Bind, full of plants

Coal

yds. ft. in.

0 0 6

0 0 8

0 0 6

0 0 8

0 0 6

0 0 8

0 0 6

1 0 0

0 2 10

0 0 8

0 2 3

4 1 0

3 0 3

2 0 0

3 0 0

2 0 0

3 0 0

1 0 4

0 0 5

1 1 0

10 7

3 0 0

1 1 0

1 0 0

Total of underlying coal measures .... 64 0 5

The two coal beds printed in italics are in use. They are both thinner here than

at the old pits, particularly the lower coal, which from six feet near the outcrop, has

thinned away to three feet upon the dip.

The other and newest shaft section, though differing in some respects, agrees in all

essential points, and it is therefore unnecessary to load these pages with the details.

Further observations respecting the probable extension and value of these seams of coal,

will be found at the end of the account of this field, the lower rocks of which, or those

unproductive of coal, we first proceed to consider.

Millstone Grit and Sandstone, (c, d and e of section, PI. 30. fig. 14.).—The rocks

composing this formation are very largely developed in the environs of Oswestry, rising

into broad ledges between the productive coal-field and the higher hills of limestone,

from whence they sweep down to the lower country in the promontory of Sweeny

Mountain on the east, and in the hills of Oswestry racecourse on the west, thus folding

. s2
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round the productive coal-field, and reducing it to the small embayed area indicated in

the Map. In most of these situations the strata of which they are composed, dip at

very slight angles beneath the coal, but in the hills of Mynidd Myfwr, and on Oswestry

racecourse, the beds are highly inclined. From Sweeny Mountain the same strata

advance in low hills to the edge of the great plain of Shropshire, and exhibit the fol-

lowing succession in descending order.

1st. Light-coloured siliceous sandstone, containing a stratum some feet thick, of a porous rock

made up of fragments of chert, imbedded in a matrix of fine, white clay, or decomposed felspar

and silex (kaolin). This bed resembles that which occurs on a larger scale in the north-western

prolongation of these carboniferous tracts at Halkin in Flintshire 1
. It is here underlaid by whitish

or pinkish sandstones, sometimes freckled with spots of decomposing oxide of iron : other and

lower beds forming the summit of Sweeny Mountain are coarser, containing distinct pebbles of

quartz. The finer varieties of these siliceous sandstones, whether of whitish pink or deep red

colours, afford excellent building-stones, and are capable of being wrought into the ornamental

parts of architecture. (See the recent restorations of Oswestry church.)

This millstone grit, with its light-coloured and whitish building-stone, ranges over

the grounds of Porkington, rising up in large masses to Sallattyn Mountain, where it

rests upon the limestone. Towards the bottom of the formation, these sandstones be-

come partially calcareous and present a honeycombed aspect, due to the unequal disin-

tegration of their surface. Occasionally the rock may even be termed a sandy lime-

stone (d. of section). Fragments of encrinites and corals are also found in these beds,

announcing their approach to the calcareous masses beneath. Such masses of calca-

reous red sandstone are seen also at Pont y Cefn, occupying a broad zone between the

limestone and the productive coal-field. They are, however, completely separated

from the underlying limestone by a very thick development of pure sandstone, often

of a deep red colour, and they may therefore be considered as subordinate to the mill-

stone grit. The red sandstone, or lowest member of the formation, is well exposed

to the east of Sweeny Mountain, resting directly upon the great carboniferous lime-

stone, in which position the red rock has the thick-bedded structure, and exact appear-

ance of many varieties of the New Red Sandstone, thus affording one of the numberless

examples which will be found in this work of the impracticability of defining the age of

strata by mere lithological aspect (e. of section)
2

.

1 In Mr. A. Aikin's manuscript notes, I perceive that he describes this bed in other parts as being composed

of knots and reniform concretions of chert, and the white matter as fine granular silex. The Rev. J. Yates has

also given a good lithological description of these grits, though he is in error respecting the geological position

or age of these rocks, which he supposed to form a part of the New Red Sandstone of Shropshire. (Geol. Trans.,

vol. ii. New Series, p. 240.) He describes some of these upper beds as containing hornstone, passing into per-

fect flint, and he further gives an account of the succession of strata downwards to the limestone, showing at

Mynidd Moel how the passage from the one group into the other is effected through a bed composed of grains

and small pebbles of quartz and slate, joints of encrinites, &c.

9 I am informed by Mr. Bowman of Gresford, near Wrexham, that the millstone grit of the Hope Mountain
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As the red variety of the millstone grit to the east of Sweeny is in juxtaposition

with the Lower New Red Sandstone, the exact line of demarcation between the two

formations becomes difficult, particularly where the surface of the lower grounds is

much encumbered by detritus. The apparent similarity of the red rock of the mill-

stone grit to that of the Lower New Red being likely to mislead speculators who do

not comprehend the structure of the district, I would therefore repeat, that the first-

mentioned rock distinctly underlies the coal measures, and reposes on the limestone, and

hence that any effort to seek for coal beneath it would be absurd.

Carboniferous Limestone (/. of section).

The limestone of this tract (generally known as the limestone of Llanymynech) is by

far the finest example of the formation in Shropshire, and extending on the slopes of

the higher hills into Denbighshire and Flintshire, it may be well entitled to the old name

of "mountain limestone." It is to be observed, however, that even in this range, the

limestone is never of such dimensions as to form of itself a mountain mass, for where

it attains the height of fourteen and fifteen hundred feet above the sea, it is nothing

more than a band, resting upon the older Silurian rocks, which in reality form the chief

body of the mountains. (See Sect. PI. 30. fig. 14.) At a moderate computation, in-

cluding the impure strata, it has however a maximum thickness of at least four or five

hundred feet. It is thrown into ridges rising from beneath each other, and broken

through by many transverse fissures, some of which amount to valley gorges. At

Llanymynech the limestone presents a bluff escarpment resting on highly inclined

edges of Silurian schists, and dipping away at moderate angles. After ranging from

Llanymynech to the north-north-east, it is deflected to the north-west, passing by

Porth-y-wain to Treflach wood and Trefonen 1

. Thence it is thrown still further west-

wards by the Carneddew, from which place to Pen Coed y Gaer, it is flanked by a

ridge consisting of porphyritic trap rock, and schists and sandstones of the Silurian

System. At the point called Sir Watkin's Tower, 1200 feet high, the limestone appears

within one hundred yards of the trap rock of Pen Coed y Gaer. It thence trends to

the north-east in a bold rocky escarpment called the Craig y Rhiw, passing at Llawn

the road from Llanarmmon to Oswestry. It is then lost for a short space, but again

south of Mold, contains strata of the intermediate characters described near Oswestry, some of " the bastard

limestones having quartz pebbles bedded in a calcareous cement." In the Bristol district strata of this age are

classed as upper limestone shale by Buckland and Conybeare.

1 The Ordnance map of these parts not being published when my last visit took place (1836), I could not ac-

curately define these breaks, and if my readers find this portion of the accompanying map the least accurate in

the delineation of the outline, they must attribute it to the want of that invaluable assistant to the field geolo-

gist, an accurate survey, without which indeed the map accompanying this work could never have been under-

taken. The trap rocks are indicated on the map, but I shall not particularly describe them on this occasion, as

I could not discover them in absolute contact with any. member of the Carboniferous System.
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appears, proceeding in a northerly direction at Orsedd-wen 1 on the higher part of the

Sallattyn Hill, 1300 feet above the sea, and is worked on each side of the little stream

at Craig-nant five miles north-west of Oswestry 2
. From Craig-nant its course is north-

north-east by Bronyarth and Vron-frian, passing to the west of Chirk, whence it is

more or less continuous along the edge of the carboniferous tracts of North Wales.

In this range the inclination of the strata varies from 5° to 45°, and they everywhere

dip beneath the millstone grit. Some of the upper members of the limestone at Llany-

mynech are of yellowish and reddish colours, and are more or less charged with mag-

nesia, and have occasionally cells containing crystals of pearl spar.

These beds pass down into the great body of the limestone, which is subcrystalline, and of excel-

lent quality. In the lofty vertical face of the quarries at Llanymyncch, one of the principal beds,

called "the Upper Red/' has a thickness of twenty feet without a divisional way-board ; beneath this

are certain yellowish impure beds called "Delf/' probably containing magnesia: the lowest stratum

in work is of a grey colour, and so veined and mottled with deep red, that it is known as the " bloody

red bed." The whole succession of the strata cannot be seen in any one escarpment, and the litho-

logical characters vary so very much in the different ridges above alluded to, that the description of

the yellowish upper beds near Llanymynech would little agree with the dark grey beds with shale at

Trefonen, though the latter are also upper beds. The best section, however, of the lowest beds with

which I am acquainted is at Craig-nant, five miles west of Oswestry. The thick or central masses

of pure limestone are there seen passing down into dark brown and yellowish, impure, sandy lime-

stone and chert, alternating in thin beds with dark-coloured shale. These beds, called tc malk" by

the workmen, represent the lower limestone strata, and they rest unconformably on Silurian

Rocks.

It may be here remarked, that like other solid rocks hereafter to be described, this limestone is

in most parts symmetrically divided by a number of joints, some of which are vertical; others vary

in their inclination, but usually their planes form right angles with the surfaces of the beds. The

greater number of these joints run in directions diagonal to the strike, though some proceed directly

in the lines of the dip, and others coincide with the strike ; but whatever these relations may be,

they invariably change with each variation in the direction of the mass of rock examined. (See ob-

servations on joints in a subsequent chapter on the Silurian Rocks in the environs of Ludlow.)

At Llanymynech the limestone was in ancient times the seat of mines, as is proved by the galleries

attributed to the Romans; but now there are few indications of any metallic veins worthy of notice,

although the sides of the joints are occasionally tinged green by carbonate of copper.

In a range of low hills north of Llanymynech, and near the canal, some of the upper beds, con-

sisting of reddish and yellowish hard limestone, contain thin veins of green and grey carbonate of

copper, running transverse and diagonally to the general strike of the limestone ; but though trials

have been attempted, no body of ore has been detected. Small veins of lead are said to occur north

of Craig-nant.

The prevailing fossils are the large Froductiis hemisphtericus, P. Martini, and other

mollusks, with a vast abundance of corals and crinoidea peculiar to the limestone of

this age.

1 Orsedd-wen : Angl., The white palace.

2 At the spot where Mr. West has recently erected a tower to mark the course of OfFa's Dyke.
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Faults.

This tract is affected throughout by a great number of faults, many of which can be

studied in the ravines and natural escarpments of limestone, which rise from beneath

the coal-field. Thus, great transverse breaks can be observed between the ends of each

ridge of limestone, and splendid examples of dislocated masses are exposed in the pic-

turesque cliffs of Craig-y-rhiw, where this rock is in contact with Silurian schists and

near to a point of eruptive trap. It is, however, only from the miner that we can ob-

tain a correct knowledge of those faults which have affected the productive coal-field.

The Lwynymain or big fault runs north and by east, and south and by west. On the hilly

or western side of this fault the coal was worked in the Dog pit, at a depth of two hun-

dred and twenty yards, while on the lower or eastern side, the same seams of coal are

within forty yards of the surface. There is one other principal fault, nearly parallel to

the above, which occurs further on the dip, by which the coal strata descending towards

the plain, are again heaved up. This is another upcast on the dip, and to an extent of

fifty yards. By inspection of the map it will be seen that both these faults are only

slightly divergent from the principal strike, or line of elevation of the adjacent moun-

tains on which the coal-field reposes. A third fault, equally an upcast to the east, but

diverging considerably from the two above mentioned, occurs close to the western side

of the new works on the Drillt : this is a throw of twenty yards. There are many minor

faults, but few of these preserve any distinct parallelism to the main faults, or to each

other. The phenomena on the sides ofthese faults, where the ends of the shattered strata

have been laid bare, are similar to those observed in other coal-fields, the edges of the

strata frequently presenting that polish, known to miners under the name of

'

1

slickensides
"

It is unnecessary to give further details respecting these dislocations, and I only solicit

attention to the fact, that the main faults run in a direction nearly parallel to the

elevated range of sandstone and limestone forming the hills at the back of the coal-field
;

for as we see that the oldest strata on which these masses repose, have been penetrated

by rocks of igneous origin, we may confidently conclude that the forces which elevated

the hills, also gave rise to the principal parallel fractures of the adjacent coal measures;

and further we observe that the fault of greatest magnitude is nearest to the mountain

range, and that as the strata recede from it, the dislocations are of minor extent. Again,

the persistence of these north and south faults into Denbighshire is a full confirmation

of their dependence on the principal lines of elevation of the adjacent hills, which form

the margin of the North Welsh coal-field.

The average dip of the coal measures is about one in six, and this inclination varies

little, either on the west or east side of the great faults. The small portion of this coal-

field which is now productive, is a trough in the millstone grit between Oswestry and

Sweeny, to the north and south of which the coal is fairly thrown out by the rise of that

rock. Nor are there just grounds for hoping, that any great mass of coal is prolonged
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beneath the Lower New Red Sandstone of the plains north and east of Oswestry, since

the beds of coal recently proved at the Drillt beneath that formation, instead of thick-

ening on the dip, have been found to thin out ; the upper coal, which was four feet at

the Old Works near the outcrop, being only two and three, and the six-feet coal being

reduced to three feet. (See Section, PI. 30. fig. 14.) The inferior quality and thinness

of the coal are therefore sufficient to check enterprise ; and finally it must be remem-

bered, that this tract is the southern termination of a great carbonaceous zone, the

richest parts of which are in Flintshire and Denbighshire 1

; and that the coal-bearing

strata, gradually diminishing in size and deteriorating in quality as they pass southward, are

found at Oswestry in the thin and slightly productive condition above described.

1 Mr. Bowman of Gresford, with the assistance of his friends Mr. Kyrke of Glascoed and Mr. Pickering, has

furnished me with a synopsis of the principal coal seams in Flintshire and Denbighshire. At Mostyn there

are twelve beds of workable coal in a thickness of about two hundred yards of measures, the uppermost of

which is a cannel coal eight feet thick, the others varying from one to fifteen feet. At Bagillt, south-east of

Holywell, there are five beds, but three only have been worked. At Flint, Coed Talwin, and other places south

of Mold, there are three beds only of coal, but this is owing to the rise of the limestone and millstone grit,

the upper coal measures having been denuded. Here also the chief coal is fifteen feet thick : south of the

Hope mountain, and extending south to Wrexham, the measures on both sides of a great north and south fault

contain ten beds of coal, of the following names and dimensions, in descending order :

yds. ft. in.

~Lower Drowzey, or stinking coal 0 2 3

Small coal, excellent quality 0 2 5

Drowsall coal, excellent quality 1 0 0

Powch coal, average quality 110
Two-yard coal, very good 2 0 0

Crank coal, hot but not brilliant 0 2 3

Brassy coal, excellent for making iron 12 0

Black bed coal , 0 1 6

Main coal, of first quality 4 0 9

, Yard coal, good quality, not much worked ............ 100

General Rejections on the origin of the Salopian Coal-fields.

The previous chapters will I trust have convinced the reader, that the various coal-

fields of Shropshire have been accumulated under different conditions. That of Shrews-

bury, for example, being charged with remains exclusively of terrestrial or freshwater

origin, is supposed to have been formed by rivers emptying themselves into lakes ; that

of Coal Brook Dale, containing a mixture of freshwater and terrestrial with marine

remains, is referred to an estuary origin ; whilst a third class like the Titterstone Clee,

or the Oswestry fields, in which nearly al] the animal remains are marine, were probably

formed on the shores of an open sea, or in bays of salt water into which plants had been

drifted from the adjacent lands.
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This view, however, of the former probable condition of the surface of this part of

our island, during the accumulation of the carbonaceous deposits, though quite intelli-

gible to geologists, may with difficulty be apprehended by persons unaccustomed to

estimate the weight of the evidences on which it is based. For such of my readers

therefore I here offer a slight sketch of some of the proofs from which the inferences

have been deduced.

The discoveries of modern geographers have shown to what great distances vegetable

materials, drifted by streams from the land on which they have grown, are de-

posited amid silt and sand. The narratives of Franklin and Back, but more parti-

cularly that of Richardson, in describing the polar regions, inform us that the rivers

are there constantly transporting wood and plants, sometimes heaping them up in the

large freshwater lakes and embayed sea openings, which occupy large portions of

that continent ; at other times sweeping them out to the open sea, and lodging them

upon its shores. In the central territories of the same vast continent, we have the

testimony of Capt. Basil Hall, that similar accumulations are constantly taking place

towards the mouth of the Mississippi ; and hence we have every reason to conclude,

that all great rivers descending from wooded countries must be daily forming like de-

posits.

Such existing causes (ample illustrations of which will be found in LyelPs Principles

of Geology,) serve therefore as the first link in the chain of evidences ; for they explain

to us how the vegetables from which coal has been formed, may have been carried into

their present positions from adjacent lands.

The chemist proves, that the ultimate elements of coal are identical with those con-

tained in plants ; and that it is in entire accordance with the laws and known pheno-

mena of chemistry, that a new compound such as coal may result from gradual changes

among the elements of vegetables. The observations of Hatchett indeed distinctly

lead to the opinion, that it is especially the resinous principles of plants which have

mainly contributed to the production of coal
1

.

Armed therefore with these data, the geologist proceeds to examine the natural phee-

nomena laid open in the various deposits constituting the crust of the globe. Even in

the most superficial of these, he finds occasionally some vegetable matter which has

partially lost its original properties ; in other strata of nearly the same age, these ma-
terials appear in that peculiar state of carbonization termed " brown coal"; whilst even

in beds younger than our London clay, he perceives that all the vegetable tissue has

disappeared, the mass having been transmuted into the black solid and shining mineral

we call coal.

With such phenomena before our eyes, it is no wild hypothesis to suppose, that if

the transatlantic region alluded to were drained, or, in other words, if the bottoms of the

1 See also MacCulloch's ingenious observations on the formation of coal out of vegetables. (Geol. Trans., Old
Series, vol. ii. p. 1.)
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lakes and shores of the sea near the mouths of great rivers were elevated and laid dry,

they would present us with a gradation of similar phenomena, from the decaying drift

wood recently lodged in the subaqueous surface, to the half-carbonized vegetables,

perhaps even down to coal itself, the result of plants having been entombed in mud and

sand from the earliest period, when the rivers in question began to flow 1
.

Pursuing his investigations in descending order, the inquirer at length finds, that

throughout the whole succession of sedimentary strata, there exists the same analogy
;

and that wherever the beds contain many impressions of plants, coal of one description

or other is as constantly associated. Commencing in the tertiary period, when the re-

lations of the land and sea were approaching to their present condition, we have many

proofs of similar accumulations. Thus the deep gorges and river valleys which run into

the recesses of the Alps, may be cited as clear and well known examples ; for in these

we find carbonaceous matter piled up in alternating layers of sandstone and shale, (the

sand and mud of former days,) on which are impressed the forms of various vegetables.

Some of these deposits, containing fluviatile and terrestrial shells, were evidently heaped

up by rivers or in lakes | while others, at lower levels on the mountain sides, pass

under strata charged with marine remains little differing from those of the present sera.

This stage of the inquiry presents to us the surface of the globe in some degree diver-

sified by continents like our own, and hence the plants from which the coal of this

period was formed, though differing specifically from recent vegetables, are analogous

to them in general aspect. (Dicotyledonous Plants.)

Descending through the upper secondary formations, we recede to periods when

all the animals and plants contained in the strata are dissimilar from those of existing

nature, but still we have occasional proofs of dry land in terrestrial, lacustrine, and

fluviatile accumulations alternating with marine deposits. The freshwater shells and

land-plants of the Wealden—the fossil flora of the lower oolitic formations (Yorkshire

and Brora), are examples familiar to geologists.

In the portions of the globe hitherto examined, these last-mentioned aeras appear on

the whole to have been little productive of vegetables, and hence we find the amount of

coal in deposits of this age to be small. As far as our present data enable us to

speculate, it would appear that the plants of these formations, differing essentially from

those above the chalk, have an intertropical character, which some geologists conceive to

be a proof of the existence of smaller continents than those of the more modern periods,

the lesser degree of cold arising from an insular surface, suiting such a vegetation ; but

we must not forget that the flora in question has been collected only in Europe, and

5 See some excellent apposite remarks by Dr. Fitton on other collateral geological features, which the

northern part of the continent of America would present, in case it were now sunk beneath the sea, so as to

lodge a sheet of marine strata upon the surface of the present terrestrial and freshwater accumulations. (Geoi.

Trans., vol. iv. p. 325.)
'

3 Examples,—Styrian Alps, Gratz, &c. Sedgwick and Murchison, Geol. Trans., vol. iii. p. 301.
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strictly speaking, therefore, it can only indicate the probable condition of the climate at

and near the spots where the fossil plants were detected.

Lastly, we descend into the ancient carboniferous strata under consideration. Now,

as in these the whole fauna and flora are very dissimilar from the animals and plants

of the present day,—and even distinct from those of the intermediate periods,,—thus

affording evidence of having existed during a very remote sera,—so there are abundant

proofs, in the nature of the coal and its associated strata, that the substance there accu-

mulated is the result of gradual molecular changes among the elements of organic

matter, which have been buried during many ages beneath the increasing and varied

sediments. The vegetation of this distant epoch, the earliest, as I shall hereafter show,

in which the presence of any considerable quantity of terrestrial plants has been yet de-

tected, is said by botanists to bear an exclusively tropical character, or in other words,

to prove a moist atmosphere and warm climate ; for the large succulent plants, and

arborescent ferns which abound in the coal measures, could only have grown to their

vast size with much moisture, and an atmosphere so moist could alone be obtained in a

hot climate. Hence, though it is manifest from the evidences adduced, that dry land was

in existence in the immediate neighbourhood of the coal-fields described, such land con-

sisted probably of nothing more than low insular masses, favouring the production of

plants requiring a warm climate. (See the small Map, fig. 2, opposite
1

.) This inference

is not, however, intended to lead my readers to imagine, that other and larger conti-

nents may not have existed at the very same period.

Whether, therefore, we begin our examination at the present surface, and descend

from the vegetable deposits lodged in lakes and estuaries, through the tertiary and se-

condary strata, down to the carboniferous system, or ascend from these old rocks, we

meet at successive stages with a regular series of analogous proofs, that vegetables,

differing in their forms in each successive cera, were drifted from adjacent preexisting

lands, and have invariably been the materials out of which coal has been elaborated.

I shall revert to this interesting subject of fossil vegetation, when the rocks of the

Silurian system have been described. In the mean time, to illustrate these views, I

annex two small maps. The uppermost of these represents, on a very reduced scale,

the actual proportions of land and water, in a part of the North American continent

before alluded to. This map is intended to explain how the drift wood, accumulating

1 Many remarkable and convincing proofs of the strong analogy and similarity of the fossil flora of the coal-

fields to plants of tropical and intertropical characters, will be found in that beautifully illustrated work of my
esteemed friend Mr. Witham, of Lartington Hall, Yorkshire. With the assistance of Mr. Nicol, Mr. Witham

has developed the vegetable tissue, by slicing and polishing the stone containing the impressions and forms of

the plants. Mr. W. Hutton has subsequently shown by a similar process that the vegetable tissue is occasion-

ally discernible, even in the most compact cone of the Durham and Northumbrian fields. In some of the old

coal-fields, the form of the vegetables is actually apparent in the coal itself. Examples of this have been already

mentioned, in ill-consolidated coal at Tasley near Bridgenorth, and at the Brown Clee Hills, and other similar

cases will be noted in the Dudley coal-field.

T 2
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in lakes or the sea-shores, may form future coal-fields, upon any great changes taking

place between the present relative levels of land and water, by which the subaqueous

accumulations may be desiccated.

The second is an ideal map representing the probable outline of a part of the region

under review, when the carboniferous series was accumulating. The Silurian and older

rocks are supposed to have been the dry land from which rivers flowed, occasionally

lodging the vegetable matter in partial lakes (a a) , before they discharged their contents

either into the estuaries (6 b), or into the broad sea marked " mare carboniferum " (c c),

under which the largest accumulations of coal previously described, were formed. The

area so designated, is that which is now covered by the New Red Sandstone of the central

counties, from beneath which the coal measures protrude at many points, as detailed in

this and other chapters. The reader will thus learn how some beds of coal may be

associated with freshwater, and some with sestuary productions, whilst others have been

formed amid accumulations exclusively of marine origin.
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CHAPTER XII

CARBONIFEROUS SYSTEM {continued).

Coal-field of Newent.— Carboniferous Limestone of South Wales and Monmouth-

shire ; and organic remains of the formation.

On the Coal-field of Newent, Gloucestershire.

QUITTING the region of Shropshire, and passing from the edges of the North Welsh

coal-field to those of the great South Welsh basin, let us pause for a few moments by

the way, to examine a small carboniferous tract near Newent in Gloucestershire, al-

though its strata are of so little value, as scarcely to entitle them to the appellation

of a coal-field. The New Red being here almost everywhere conterminous with

the Old Red Sandstone, these coal measures can only be detected rising to the surface

in such thin stripes or patches along this junction-line, that it is scarcely possible to

indicate them. Wherever they exist, they may in general description, be said to be

covered by the New, and to rest upon the Old Red Sandstone. (See Section, PI. 30.

fig. 10.)

At Lower House to the West, and at Boulsdon to the South of Newent, there were formerly

coal-pits, but they have been abandoned many years, and the information now to be derived from

a few old workmen is scanty and imperfect. At Lower House it appears, that the pits were

50 yards deep, commencing in the New Red Sandstone. The measures dipped about 25° to the

N.E., E., and S.E., and were affected by numerous faults, the largest of which occasioned a throw

of 25 yards. The section passed through

feet.

New Red Sandstone 21

Whitish clay *]

Hard whitish sandstone with plants ...

^a^out j 0Q
Reddish-brown clunch i

Shale, &c J

Coal 7

And beneath this coal were 16 feet composed of shale, with three other seams of coal, viz., 2 feet, 1 foot 6 inches, 1 foot

2 inches ; the lowermost being sulphureous.

In this sinking, the overlying Red Sandstone is said to have partaken of all the flexures of the

underlying coal-measures 1
. At Hill House Colliery, a little to the north of Lower House, and

1 See previous observations on this point, p. 51, &c.
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nearer to the outline of the Old Red Sandstone, the coal strata were found to be so highly inclined

that the works were soon abandoned, though not before the ruin of those concerned. At Boulsdon,

6 shafts were opened about 30 years ago by a Joint Stock Company. Here, as at Lower House,
there were 4 seams of coal lying nearly all together, the first being 1 foot 6 inches, the second

10 inches, the third 10 inches, and the lowermost 2 feet 6 inches in thickness. The shafts were
from 63 to 80 yards deep ; the faults were very numerous, and the enterprise was abandoned owing
to the great influx of water. The strata inclined slightly to the south, or from the flank of May
Hill 1

.

Poor as are these coal-seams, it is exceedingly probable that the works were under-

taken at those spots along the line of outcrop where the measures are the thickest • for

the coal-field actually thins out to the north and south, and these pits were sunk at

intermediate points. In the hills north of Newent, indeed, there are instructive ex-

amples of the thinning out and final disappearance of the carboniferous strata. A good
illustration of this was made apparent when the tunnel of the Ledbury Canal was cut

through these hills. A man, 80 years of age, who worked in it, informed me, that

midway in the hill, between the soft sandy beds (New Red) on the south, and the

stiff clays (argillaceous marls of the Old Red), on the north, they drove through a

thin vein of " coaly stuff" with poor thin " pieces " of the mineral, but without, as he
termed it, " any state of coal." Following the line of junction of the New and Old
Red to the north, I found precisely similar evidences exposed under the escarpments

of the New Red Sandstone, extending from the Castle Turnpike to Pit Leases. At
various intermediate spots along this line, shafts have been sunk and thin portions of

coal extracted ; but these are entirely wanting in other places, and the conglome-

rates of the New Red are actually seen in open quarries resting unconformably on the

inclined beds of the Old Red. To the east of Gamage Hall, the carboniferous beds

appear for the last time in this direction, the coal itself cropping out in the ditches of

the ploughed lands which lie between the rye-land hills of New Red Sandstone, and the

clay of the Old Red. The water passing through the porous overlying strata, is

held up by the narrow argillaceous zone of coal measures ; which is of so cold and

heartless a quality as almost to defy improvement. This is the clearest example I am
acquainted with, of the thinning out of a coal-field. It was a very interesting task,

indeed, to trace the same strata from this narrow wedge near Gamage Hall, through all

their contractions and expansions, between the New Red Sandstone and the Old,

to their full development in the trough-shaped land to the west of Newent, and

again to follow them till they finally disappeared upon the sides of May Hill, where

the New Red Sandstone reposes at once on the Old Red Sandstone and Silurian rocks

.

If coal-works are ever to be resumed near Newent, with any prospect of success, the

trials should be made to the east of the town, by sinking through a thicker cover of the

1 Owing to the condition of the surface resulting from these old works, I could not perceive whether the

coal measures at this spot had been covered by any portion of the New Red Sandstone.
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New Red Sandstone than any hitherto penetrated ; for as it appears that the most

important seams on the west, dipped to the east and south-east, so is it possible that

the measures may be found to have expanded, when followed upon their dip. Whether

this prove to be the case or not, there can be little doubt that these carboniferous

strata, in some form or other, are prolonged beneath the New Red Sandstone to the east

of Newent, as indicated by a highly sulphureous medicinal spring, which there rises to

the surface
1

; whilst there is every probability that the strata being further removed from

their junction with the Old Red Sandstone, may run in more continuous and unbroken

masses, than in those spots along the line of outcrop, to which all previous undertakings

have been confined.

West.

17.

a. New Red Sandstone. b. Coal Measures. c. Old Red Sandstone.

The importance of the discovery of a really productive coal-field in this accessible and

level tract, is too obvious to require notice, seeing its contiguity to that part of Gloucester-

shire on the one side, where the overlying formations are of great thickness ; and to

those wide agricultural tracts of Herefordshire and South Worcestershire on the other,

in which, from their geological relations, no coal can ever be detected.

1 By this observation, I do not mean to imply that sulphureous waters are always to be taken as proofs of

the existence of carboniferous strata. (See remarks on Mineral Waters, p. 34.) Here, however, the reason-

ing would be as follows. The coal measures which crop out on the west, contain much iron pyrites, which on

decomposing would afford sulphureous springs ; on their dip to the east, these beds pass beneath a cover of

New Red Sandstone, in which no pyrites is observed, and hence it is fair to infer, that the waters which have

flowed upon the inclined and pyritous beds of the coal measures, after becoming highly sulphureous, rise to their

original level through cracks in the overlying sandstone. In fact the depression in which the spring rises, is

probably the scene of a fault, by which the coal measures are thrown up to the east of this mineral source.

(See Wood-cut above.)

Northern, Western, and Eastern edges of the great Coal-basin of South Wales.

Carboniferous Limestone.

The value of its mineral contents, and the great extension of the South Welsh coal-

basin, entitle it to be treated of in a separate work, and geologists may well rejoice that

the task of describing it has been undertaken by the Rev. W. Conybeare. I have,

therefore, not attempted to examine in detail any part of this basin, but have confined

my observations to that portion of its margin which is conterminous with those ancient
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rocks to which this work is more peculiarly devoted. (See Map.) The natural faces of

the rocks forming the northern and north-western escarpments of this coal-basin, are

indeed of great value in explaining the regular order and succession of the strata between

the carboniferous and Silurian Systems, for these sections exhibit a full and unbroken

sequence of all the intermediate strata, nothing being left to hypothesis or the imagina-

tion. (See PL 31. fig. 1.)

The carboniferous limestone of the South Welsh coal-field, as seen in Monmouth,

Brecon, and Caermarthen, is on the whole a strong regularly bedded mass, partly light

coloured, rarely oolitic, and occasionally of so dark a tint as to be termed " black

marble 1 ." It is overlaid by the conglomerates and sandstones of the millstone grit or

base of the coal-field, and rests upon another conglomerate, very similar to the mill-

stone grit, but generally of a redder colour, which constitutes the uppermost stratum of

the Old Red Sandstone. In its course through these counties the limestone occupies the

form of a tortuous girdle, conforming to the shattered outline of the coal measures 2
.

It is of inconsiderable thickness when compared with the formation of the same age

in Yorkshire, Denbighshire, or even in the adjacent parts of Monmouthshire and Glou-

cestershire, rarely if ever expanding to more than five hundred feet. In that portion

of the escarpment which has been the least dislocated, as to the south of Abergavenny,

and Crickhowell, the average inclination of the beds is very slight, not exceeding 7° or

8°, and the dip is towards the centre of the coal-basin.

With this feeble development of the chief mass of limestone, the upper and lower lime-

stone shale are also of small dimensions when compared with the same rocks in the

northern counties, or in the environs of Bristol, and in the east of Monmouthshire, where

we shall soon describe them. Even, however, in the South Welsh coal-basin, the lower

limestone shale may be traced as a continuous band along the escarpment, and when

hidden from view by herbage or detritus, its place is usually marked by boggy ground,

springs, or rivulets, the waters of which, having been absorbed by the porous strata of

the overlying coal grits and limestones, are thrown out by this argillaceous band, and

fall in rills over the scarped and lofty edges of the Old Red Sandstone. It is not in my
power to describe all the varieties in lithological structure, and all the organic remains

of the formation in this region ; but a few remarks upon an interesting accidental feature

are worthy of notice. My attention was called to this circumstance by the Rev. H. Lloyd,

who had found detached fragments of this peculiar limestone. The surfaces of the stone

present a glazed or varnished appearance, which at first sight I thought might be owing

1 The black limestone or marble is largely developed in Caermarthenshire (Llangyndeyrn, &c). The Earl of

Cawdor's new mansion at Golden Grove, near Llandeilo, is bnilt of it.
"

3 Some of the most extensive of the dislocations producing this outline are seen to the north-east and north-

west of Merthyr Tidvil, where they will be specially described by Mr. Conybeare. The great dislocations in the

neighbourhood of the Caermarthenshire Fans, or highest points of South Wales, will be specially explained

at the end of this chapter.
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to vitrification. On tracing, however, these glazed fragments up the bed of the moun-

tain rivulet near Blaen Cennen, in which they had been found, I discovered their origin

to be in a portion of the great escarpment, which having been subjected to a downcast,

is for the space of a mile almost submerged in a turf bog, the ends alone of the strata

being exposed in the bank of the little stream. (See Map and PI. 30. fig. 12.) From the

unaltered condition of the limestone and shale underlying these glazed beds, it appeared

almost certain, that the altered external characters of the upper layers of the rock, could

not be due to any cause connected with igneous or gaseous agency acting from beneath •

and besides no rock of trappean or volcanic origin occurs in any part of the adjacent

tract. Internally, these beds present the usual semi-crystalline structure and grey colour

of the limestone, but the varnished coat extends over all the surfaces, including every

cavity. The glaze is brittle, yields to the knife, and is colourless and transparent, the

veins of calcareous spar and tints of the rock not being hidden by it. As these glazed

strata, protruding from beneath a deep peat bog, have an aspect similar to that produced

on limestone by very diluted muriatic acid, it has occurred to me that the peculiar con-

dition of the surface might have resulted from long-continued immersion in water, im-

pregnated with the slight vegetable acid of the bog.

Caverns frequently occur in this limestone, and that from which the river Lwchwr

suddenly bursts forth is a fine example, analogous to those sources of subterranean

streams which are of such frequent occurrence in every country where calcareous rocks

abound.

The most prevailing fossils are the

Productus hemispharicus. M. C. t. 328.

Martini. M. C. t. 318. figs. 2, 3 and 4.

comdtdes. M. C. t. 329.

together with many prevailing corals of the formation, all of which are dissimilar from

any which we shall afterwards describe in the Silurian System. (See detailed list of

many of these fossils at the end of this chapter.)

In its course through Caermarthenshire, westward of the great dislocations near the

Fans, the zone of limestone maintains a considerable thickness as far as the pass of

Llandybie, and at the extensive limeworks of Garn-fach or Calch-gorog, four miles south-

east of Llandeilo, I estimated it at not less than three hundred feet. Thence to the

fiexure which forms the extreme south-western edge of the coal basin, the zone becomes

thinner, and the large quarries of Llangyndeyrn, six miles south-east of Caermarthen,

are the last spots where it is seen in force; for to the south-west of the Mynidd Garreg,

and immediately north of Kidwelly, the rock dwindles to an obscure band, which is no

further traceable in the sea cliffs on the left bank of the Towy. By reference to the map

it will be perceived, that further to the westward, patches of this carboniferous lime-

stone re-occur on the coast near Laugharne, overlying the Old Red Sandstone in both

banks of the River Taaf. Although these patches are in Caermarthenshire, they form

u
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no portion of the girdle which surrounds the great coal basin of South Wales, but are

remnants of another large carboniferous tract in Pembrokeshire, to which allusion will

be made in a subsequent chapter. The various elevations and subsidences to which

the limestone has been subjected, between the Caermarthen Fans and the mouth of

the Towy, and the different degrees of inclination at which the strata dip, may be ob-

served in the accompanying maps and sections, and long details respecting them are

uncalled for, as they must naturally form a portion of the work of Mr. Conybeare. The

dismemberments in the immediate neighbourhood of the Caermarthenshire Fans, with

an account of two remarkable outliers, will form the subject of the next chapter.

Additional observations on the Carboniferous Limestone of Monmouthshire, particularly on

the Upper and Lower Limestone Shale.

Besides the previous brief sketch of the northern, north-eastern, and western portions

of the carboniferous limestone of the South Welsh coal basin, there will be found details

respecting the development of the formation, in the subsequent chapters upon Pem-

brokeshire and Tortworthin Gloucestershire, in which, for the sake of clearness, all the

strata associated in those tracts are described in succession. But after all, there are

many districts occupied by this limestone as laid down in the map, to which little

further allusion will be made. Before, however, we enter upon the consideration of the

Old Red Sandstone, I must direct attention to those places in Monmouthshire in which

there are the best examples of the beds of passage between the limestone and the mill-

stone grit, and through the lower limestone shale into the Old Red Sandstone ; as it is

particularly with the aid of such examples that general portions of the tabular view

have been filled up. The tracts of carboniferous limestone specially adverted to, are

those in Gloucestershire and Monmouthshire, which lie between the great South Welsh

coal basin on the one side, and the coal-fields of Bristol and Forest of Dean on the

other, and occupy the splendid gorges of the Wye near Chepstow. For much valuable

information respecting these limestones, I refer the reader to the valuable memoir of

Dr. Buckland and Mr. Conybeare on the Bristol coal-field, with which these and other

carboniferous rocks of the adjacent districts are placed in parallel.

Of the Upper Limestone shale, however, as seen in the gorge of the Avon at Clifton, I here

subjoin an instructive and accurate detailed section by Mr. Lonsdale, made to illustrate a suite of

specimens in the Bath Institution, which though never previously printed, appears to me to be of

too great value not to be made public.
Lower Grit.

ft. in.

1. Rubbly marl 16 0

2. Highly ferruginous sandstone 2 0

3. Limestone more or less oolitic 10 0

4. Rubbly limestone mixed with marl 8 0

5. Variegated marl 8 0

6. Oolitic limestone ; in the superior part of the

bed are small quartz pebbles 1 6

ft. in.

7. Grit more or less fissile 5 6

8. A small-grained siliceous conglomerate 0 4

9. Oolitic limestone 2 6

10. Rubbly oolite containing quartz pebbles 4 0

11. Red marl 1 6

12. Hard red sandstone

13. Finely-grained sandstone
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ft. in.

14. Gritty sandstone 1 6

15. Red sandy marl 0 3

16. Rubbly limestone with quartz pebbles 1 5

17. Grit 1 6

18. Grit 1 0

ft. in.

19. Grit l o

Red and blue marl l 6

20. Grit 0 6

Variegated marl 3 0

21. Grit 12 0

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Middle Limestone.

ft. in.

Oolitic limestone, three beds 11 0

Red marl 0 6

I Limestone, occasionally nodular
;
partly ooli-

f tic and contains quartz pebbles 22 0

Encrinal limestone with Caryophyllia 8 0

Grit, varying in thickness from 2 inches to... 1 6

Oolitic limestone 7 0

Oolitic limestone 1 0

Bluish clay 0 6

Limestone 4 6

Limestone 2 0

Limestone 6 0

Middle Grit.

ft. in.

35. Grit 2 to 3

36. Gritty marl 4

37. The strata here assume a basin shape, the

cavity being filled with alternating beds of

grit and marl

38. Grit 3

39. Limestone containing quartz pebbles

40. Grit 4

To the last succeed several alternations of marl and grit, but they are too much decomposed to

permit their line of separation to be determined.

In Monmouthshire as at Bristol, the upper limestone shale consists of alternating beds of grit,

shale, and limestone, showing a complete transition from the overlying millstone grit, into the great

calcareous mass beneath. In a section of the strata subjacent to the coal measures of the Forest

of Dean, Mr. Mushett describes beds of grit with subordinate red sandstone, marl, and limestone,

similar to those of the coal tract near Oswestry, (see p. 145,) except that in Shropshire the red

sandstone is much more prevalent than in Gloucestershire. To the north of Chepstow, these and

other strata of thin-bedded impure limestone of dark dingy red and yellow colours, (upper limestone

shale, &c.,) are wrapped in contortions over the great massive limestone of the Wye, and it is to these

contortions, as drawn by Dr. MacCulloch, that Dr. Buckland and Mr. Conybeare have adverted.

On the other hand, the lower limestone shale rising from beneath the same limestone,

appears in great force along the edges of the Old Red Sandstone of the high region

between Chepstow and the Usk, and has been recently laid open by cutting the new

road between these places. These beds very much resemble the upper limestone shale,

and as that rock indicates a passage into the overlying millstone grit, so do the latter

prove the transition into the underlying Old Red Sandstone.

Thus in travelling from Chepstow to Earlswood Common and Wentwood, we pass from older to

older beds of limestone, till we reach those solid escarpments of the lower part of the formation as

exhibited in the ravines between Well Head and Rug's Hole 1
. These rocks are underlaid by alter-

1 These two places are so named as being the extremities of one of those "swallows" in which streams are lost,

and which are so common in limestone tracts. The small brook which flows by White Mill is lost at Rug's

Hole and re-appears at Well Head after a subterranean course of about a mile and a half. Near Well Head

the carboniferous limestone is capped by a fine mass of dolomitic conglomerate. (See Map.)

u 2
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nations of thin-bedded, reddish and purple shale, yellowish sandy limestone and sandstone, and

finally by flaglike purple red sandstone, forming the upper part of the Old Red System. The

alternating beds of impure limestone, &c., as developed between White Mill and Rug's Hole, are

so unlike any other beds of the carboniferous limestone, that if they happened to be thrown up in

arched forms, (as is the case in adjacent districts 1

,) they might at first sight puzzle any observers,

since they have much the character of the lower Silurian rocks, like which the sandstone beds are

also frequently marked by the frequent impression of crinoidal stems. In this section, however,

and again near Tintern Abbey and in parts of Pembrokeshire, the position of these beds is so clear,

i. e. they so distinctly overlie every portion of the Old Red Sandstone, and further, contain the car-

boniferous fossils, that they are completely established as the true beds of transition between the

carboniferous and Old Red Systems ; the precise boundary line being drawn at that part where traces

of the fossils and shale of the carboniferous system finally terminate, and the red sandstone fairly

sets in 2
.

Natural sections such as we have been considering, and which lay open the transi-

tion of one group of rocks into another, are only to be sought in these regions where

the conterminous systems are much developed. This expansion of the carboniferous

limestone is so considerable in the eastern division ofMonmouthshire and adjacent parts

of Gloucestershire, where the beds of passage are best seen, that the formation, which on

the edges of the South Welsh coal-field rarely if ever exceeds five hundred feet, has here

probably a maximum thickness of one thousand feet ; for in the Forest of Dean, where

the upper and lower shales are attenuated, as compared with the same beds between

Chepstow and Usk, Mr. Mushett, an eminent practical miner, has determined the dimen-

sions of the formation to exceed seven hundred feet. The passage from the lowest beds

of the limestone into the system of Old Red Sandstone, is analogous to that which I

have previously pointed out in the central counties of England, between the uppermost

part of the carboniferous strata, and the lowest part of the new red sandstone, the phe-

nomena in all these cases being displayed, in those districts where the respective portions

of these systems are the most developed. (See chapter 4.)

I cannot terminate this account of the structure of the carboniferous limestone and

associated rocks, without reverting to a phenomenon to which I directed attention in

describing the Salopian coal-fields, and which is equally apparent throughout South

Wales ; viz. the entire absence of coal, either in the millstone grit, or underlying limestone
;

while in the North of England, on the contrary, the writings of Sedgwick. Phillips and

others, have taught us, that these lower members of the carboniferous system, are there

made up of almost indefinite alternations of sandstone, limestone, shale, coal, and iron-

stone. This neat separation of the carboniferous system of the central counties of

1 At the Abbey one mile north of the Ship Inn near Alveston, and eleven miles north of Bristol, a small boss

of these beds has been recently cut through in lowering the road. In the fine section of the Avon these beds

also exist in full force. (See description and sections, hi a subsequent chapter on Tortworth.)

2 Professor Phillips, in his second volume of the Geology of Yorkshire (p. 15 et seq.), has described alter-

nating red sandstone and limestone of this age, near Kirby Lonsdale.
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England and of South Wales into an upper zone which is productive of coal, and a lower

in which no traces of the mineral have been discovered, will in the sequel assist us in

establishing important inferences, concerning the age of the cw/ra-bearing rocks of

Pembrokeshire and Devonshire.

The undermentioned fossils have been found in the carboniferous limestone of Shropshire, Mon-

mouthshire and South Wales :

Chief Localities.

Coal Brook Dale

and Oswestry.

Clee Hills, &c.

r Salop and South

I Wales.

costatus 1
. Phill. pi. 7. f. 2. ... Oswestry, &c.

margaritaceus. Phill. pi. 8. f. 8.'

setosus. Phill. pi. 8. f. 9

punctatus. Phill. pi. 8. f. 10

Productus hemisphcericus. M.C. t. 238.
-|— Martini. M.C. t. 318. f.2,3&4.

como'ides. M.C. t. 239. ...

Chief Localities.

Spirifer papilionaceus. Phill. pi. 11. f. 6. "1

radialis. Phill. pi. 11. f. 5 I- Pembrokeshire.

resupinatus. Phill. pi. 11. f. 1. ... J

semicircularis. Phill. pi. 9. f. 15 \ Littleton on Se-

J vern.

hisulcatus. M.C. t. 494. f. 1 & 2.

&16

cuspidatus. M.C. t. 120

—— distans. M.C. t. 494. f. 3

octoplicatus.M.C. t. 562. f. 2, 3 &4.J

Terebratula fungites. MSS. Phill

ambigua. Phill. pi. 11. f. 21.

radialis. Phill. pi. 12. f. 40

Clee Hills, Shrop-

shire.

& 41.

Spirifer attenuatus. Phill. pi. 9. f. 13
J»
Pembrokeshire.

connivens. Phill. pi. 11. f. 2

imiricatus. Phill. pi. 10. f. 20....

• —filiarius. Phill. pi. 11. f. 3 _

Crinoidea occur in vast profusion, including genera and species described by Miller from the limestone of Bristol. Corals

also are in parts very abundant (see chap. 7). Orthocerata are very rare, and I never found one with well-marked

characters. Trilobites are also scarce, but a few examples of them have been detected by the Earl of Cawdor in the coast

cliffs near Stackpole, Pembrokeshire, among which are caudal portions of Asaphus seminiferus and A. granuliferus of

Phillips. The Ichthyodorulites of this formation are of peculiar forms and have been described by M. Agassiz
;
among them

is the Ctenacanthus tenuistriatus of the Clee Hill limestone, (p. 119.). Other species occur near Bristol.

Considering this formation to be well known, I did not collect many organic remains, so that after all the list is very in-

complete. We may, however, consider it as a sample of specimens taken from various localities; and viewing them in this

light it is worthy of remark, that every species above enumerated has been previously described by Professor Phillips as

occurring in the limestone of this age in other and distant tracts. On the southern edge of the South Welsh coal-field, par-

ticularly between the Mumbles and Pennard, west of Swansea, the carboniferous limestone has been diligently explored by

my friend Mr. Dillwyn, M.P., whose skill in conchology has enabled him to detect many species in addition to those com-

monly observed in the formation. In his list, which has not yet been published, he enumerates

—

Ammonitesl and Goniatites, 2; Bellerophon, several species; Cirrus'! several; Dentalium, 1; Euomphalus several ^

Eulimal 1; Littorina,3; Lutraria,!; Melania,S; Natica,l; Orthocerata, several; Turbo, I; Trochus,3; Turritella, 4

;

Rotella, 1, &c. Among these also Professor Phillips has also recognised many published in his work, while Mr. J. de C.

Sowerby coincides with me in opinion that not one of these species has yet been found in the Old Red or Silurian Systems.

1 For the sake of uniformity and to prevent the possibility of error, the names Spirifer and Productus are

used throughout. Mr. Phillips writes Spirifera and Producta.
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Castle Cerrig Cennen. (From a drawing by Mrs. Stackhouse Acton.)

CHAPTER XIII.

CARBONIFEROUS SYSTEM {concluded).

Principal Outliers and Dislocations of the Carboniferous Limestone on the northern

and western edges of the South Welsh Coal Basin.

}. Pen Cerrig-calch. (PI. 31. fig. 1.)—THE chief masses of the carboniferous lime-

stone being described, it now only remains to give a sketch of the prominent disloca-

tions and outliers of the formation in South Wales.

The strata of Old Red Sandstone, carboniferous limestone, and millstone grit, com-

posing the margin of the South Welsh coal-field, are all clearly exposed to the south

of Crickhowell, where the river Usk flows in a deep and broad valley between these

rocks and the loftier mountains of Old Red Sandstone constituting the Black Forest.

Observing in the Ordnance map that the summit of one of these mountains was marked
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"Pen Cerrig Calch" {Angl. the limestone Crag), I ascended to ascertain why such a name

had been used in a district appearing to consist exclusively of the Old Red Sandstone.

(PL 31. fig. 1.) I also perceived that the lower sides of these hills were precisely similar

in structure to those of the Old Red Sandstone in the opposite escarpment of the coal-field.

The quartzose conglomerate or top of the Old Red Sandstone (which will be described in

the next chapter) stands out in the great
' 1 ecroulement " of rocks named Daren, and

also in the Beacon Hill, both acting as "contreforts" or supports to the higher mountain

summit ; and lastly I found in the culminating point of the arid and lofty mountain of

Pen Cerrig Calch, 2200 feet above the sea, that the limestone, not less than fifty feet thick,

occupied an isolated yet distinct escarpment covered by the true millstone grit, the latter

having a thickness of about one hundred and fifty or two hundred feet, and thus all the

relations were completely established. In this outlier, therefore, we find a much smaller

development of the limestone than in the main escarpment of the coal-field, where the

formation occasionally swells to a thickness of several hundred feet. The chief mass is

thick-bedded, compact, and subcrystalline, of a cream colour and without fossils; but in

some of the thinner beds on the southern face of the mountain, where they disappear

beneath the cap of millstone grit, they become oolitic and contain a few organic remains,

—Productus, Terebratula, Corals, and Encrinites, but all those which I collected were

in too imperfect a condition to be capable of specific description
1

.

The grooved and sinuous surfaces upon the weathered bosses of this rock will re-

mind the traveller of those limestones, which have been long exposed to the atmosphere

in very lofty situations ; for they strongly recalled to my memory similar appear-

ances in the calcareous* peaks of the Eastern Alps. The beds of Pen Cerrig Calch are

inclined at the very gentle dip of six or seven degrees to the south-east, and if the planes

of stratification be prolonged towards the Blorenge mountain near Abergavenny, to

which they point, we find that this limestone would be carried much below its natural

position in the escarpment of the coal-field ; in other words, the limestone would be

brought far beneath the surface of the Old Red Sandstone, the rock which in undis-

turbed positions forms its natural support. Again, the inclination of these hills is to

the south-east, whilst the same beds in that portion of the escarpment of the coal-field

which is nearest to Pen Cerrig Calch, dip to the south. (See Map.) We have thus

clear proofs of violent dislocations, along the external margin of the coal-field, by

which certain members of the Old Red Sandstone have been so thrown up as to circle

round the basin, whilst the chief masses of the system from which they have been de-

tached, still occupy the broad mountainous range of the Black Forest, and of which

Pen Cerrig Calch forms a part. This fact is a strong additional testimony, that although

the adjoining carboniferous deposits may have been accumulated in a depression, yet

their present basin shape has been produced by great dislocations. The removal of

1 This limestone was formerly burnt for lime, but is now abandoned on account of the expense, caused by the

distance from coal, the height of the mountain, and the want of roads.
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the enormous masses of millstone grit and carboniferous limestone which formerly con-

nected " Pen Cerrig Calch " with the South Welsh coal-field, and the formation of the

present valley of the Usk, which is here five miles broad and nearly 2000 feet deep,

may both be ascribed to violent dislocations and the subsequent action of powerful

currents of water ; this valley is, therefore, unquestionably " a valley of denudation."

(See PL 31. fig. 1.)

The term denudation, however, has been made use of to express so many operations

of water, differing from each other in intensity and in their nature,—some geologists

meaning to express thereby, sudden ravages occasioned by a transient but powerful

flood, others seeing in it nothing more than the gradual work of rivers, formerly in a

more violent state of action,—that it is well to explain what may have been the opera-

tions employed in producing the phenomena in question. The longitudinal depres-

sion in which the Usk now flows, is simply a great line of fault, determined no doubt by

one of those movements of elevation which have broken up the escarpment of the coal

basin and thrown it into its present form. Earthquakes and subterranean forces, suf-

ficient to upheave the stupendous mountain masses of conglomerate and sandstone of

the Fans and of the Black Forest, and to snap off huge portions of the chain, as well

as raise them into the circular escarpments of the coal-field, could not have acted

on such large accumulations of solid sedimentary matter, without occasioning immense

transverse openings or gullies. On the supposition that these oscillations were going

on for a long time before the deposits were raised above the surface of the waters, how

powerful must have been the submarine currents set in action by these changes of

level ! How must they have affected the bottom of the sea ! How deeply must such

currents have channelled out the hollows into which they were deflected ! By all these

combining causes it is conceived, that the valley in question was both determined and

subsequently deepened and increased.

Whatever hypothesis may be advanced to account for the present position of the

lofty outlier of Pen Cerrig Calch, the detritus of those materials, which formerly

united it with the South Welsh coal basin, is still piled up in vast mounds and terraces

of gravel on both banks of the Usk to attest the work of destruction, the effects of which

will be further noticed in the two concluding chapters of this work.

2. Other dislocations and outliers of the Carboniferous Limestone.

Passing unnoticed all minor derangements, I shall here describe great dislocations

only, which have affected the carboniferous limestone and upper portions of the Old

Red System, and have tended to give the South Welsh coal-field its present configu-

ration.

The tract in which they occur is included between the Caermarthenshire Fan on the
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east and the parallel of Llandeilo Fawr on the west, a distance of about twelve miles.

On referring to the map it will be seen, that while the lower members of the Old Red

Sandstone are nearly vertical, and preserve the same rectilinear strike (north-east to

south-west) as the parallel ridges of Silurian rocks which trend from Shropshire to Caer-

marthenshire ; the upper members of the same system, which are slightly inclined,

constitute lofty mountains, and have, on the whole, a curvilinear direction, conform-

ing to the margin of the coal basin.

The dislocations I shall describe, are two which occur near the Caermarthen Fans,

and one at Castell Cerrig Cennen.

The western end of that portion of the escarpment of the South Welsh coal-field,

which is occupied by the Caermarthen Fans, exhibits a very powerful transverse fault,

by which the upper strata of the Old Red Sandstone have been so thrown up, as to

occupy the summit of Fan-sirgaer, 2200 feet above the sea ; while in the contiguous

mountain of Carreg-ogof, the same beds, covered by carboniferous limestone and mill-

stone grit, lie at the height of not more than 1 500 feet ; and hence the Old Red Sand-

stone of the Fans is proved to have been upcast to an extent of at least 700 feet
1

. The

direction of this transverse fault is nearly from north to south, as marked by the fissure

in which the rivulet Twrch-fechan flows, in its descent from the edge of the escarpment

towards the centre of the coal basin. On the left bank of this rivulet all is Old Red

Sandstone, while a little to the right is the millstone grit of Carreg-las, the limestone

being entirely lost for the space of nearly two miles. The elevated mass of Old Red

Sandstone dips ten to twelve degrees S.S.E. the limestone and millstone grit being in-

clined twenty degrees to the south. This inclination of the limestone accounts for its

rapid disappearance beneath the millstone grit of Carreg-las, and connected with the

great upcast of the fans, explains how the latter rock has been thrown into juxta-

position with the Old Red Sandstone.

Immediately to the west of the great limeworks of Cloganmawr, there is another con-

siderable fault. (PI. 30. fig. 12.) After occupying the terrace-formed ridge, on which

the kilns are situated, the limestone is abruptly snapped off, and thrown down about

200 feet beneath its usual level into a morass, the ends of the lower strata only being

visible on the side of the mountain rill. This is the spot above Blaen-Cennen, where

the limestone presents the peculiar glazed surface before described. (See p. 156.)

The strike of this dislocated mass is 10° to the north of west, and the inclination, differ-

ing from that of the adjoining lime quarries, is 25° south by west. This downcast,

though not exhibiting so great an amount of disturbance as that of the upcast of the Old

Red Sandstone in Fan-sirgaer, exhibits in one respect analogous phenomena. In both

cases large portions of the lip of the coal-field present the appearance of having been

1 The adjoining portion of the edge of the basin to the east of this tract has been examined by Mr. Cony-

beare and Mr. Maclauchlan, who have favoured me by colouring the quarter sheet of the Ordnance map in

which Merthyr Tidvil is situated.

X
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extruded from their regular line of bearing, and forced into the area of the Old Red
Sandstone by movements which miners would call "lateral shifts"; an explanation

which would naturally suggest itself by inspection of the relative position of the masses

on the map. These appearances can, however, be more simply explained by the up-

ward and downward movement of the faults in question, and by the different angles at

which the separate masses are inclined 1

.

The limestone emerging from this morass at Pant-y-gwasted, where the strike is true

south-westerly, is well exhibited in low parallel ridges crowned by high ridges of mill-

stone grit. The strata dip S.E. and S.S.E. at angles of about 30°. These calcareous

terraces diminish successively in height, and terminate near the cavern from which the

river Lwchwr bursts forth. Between this point and the house of Cwrt-a-barddh the

limestone is wanting, and the distance is occupied by the Old Red Sandstone or its

detritus.

The surface of the ground near the source of the Lwchwr is singularly marked by seve-

ral funnel-shaped cavities, which are not peculiar to the limestone of this spot, but are

also observable along the lines of greatest dislocation around the promontory of Carreg-

ogof, and beneath the northern face of Carreg-las. They seldom exceed 60 to 70 feet in

their diameter at the surface, tapering downwards to depths of 30 to 40 feet, and appa-

rently terminating in vertical tubes. As they occur at or near points of the greatest dis-

locations of the strata, may we not be allowed to speculate upon their having formerly

been the spiracles by which certain gases were evolved, during those periods when
earthquakes produced the adjoining elevations and depressions of the strata ?

I invite special attention to the locality of Cwrt-a-barddh, because this portion of the

margin of the coal basin is directly opposite to the remarkable outlier of carboniferous

limestone called Castell Cerrig Cennen, with the position of which I shall now attempt

to prove that the break in the escarpment is directly connected. (See Map.)

3. Castell Cerrig Cennen. (PL 34. fig. 6.)

The picturesque ruin called "Castell Cerrig Cennen," is built upon an insulated

rock of carboniferous limestone, which projects in bold relief on the right bank of the

little stream called the Cennen, and nearly in the centre of a valley in the Old Red

Sandstone, as represented in the wood-cut at the head of this Chapter 2
. (See also PI. 34.

1 This solution of the modus operandi was first, I believe, suggested by Mr. Lonsdale, from the examination

of a series of beautiful models. He is in possession of much valuable knowledge respecting mineral faults and

their complications, which I trust he will soon lay before the public.

2 I am indebted to Mrs. Stackhouse Acton for a beautiful sketch of Gastell Cerrig Cennen, from which the

wood-cut is engraved. The castle is the property of the Earl of Cawdor, and being one of the most striking

ruins in South Wales, is well worthy of the attention of the antiquary. The well of the fortress (supposed to

have been reached by cutting to a great depth through the solid rock) is, I believe, a natural fissure.
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fig. 6.) The breadth of this valley between the escarpment of the carboniferous lime-

stone on the south, and the Silurian rocks on the north, does not exceed two miles. It

will hereafter be shown, that the full development of the Old Red Sandstone terminates

at Pont-ar-lleche, and as that system is not laid open by any transverse gorge in the

valley of the Cennen, no accurate opinion can be offered respecting all the strata of

which its chief and central masses may be composed. The uppermost beds, however,

present a thin zone of conglomerate and grit, and the lowest tilestones are distinctly

exhibited between Cerrig Cennen and the vale of the Towy. The intermediate strata,

upon some of which the limestone outlier of Cerrig Cennen is placed, are argillaceous

and sandy ; those on the north side of the castle being vertical and unconformable to

the bedding of the calcareous rock, while those at its southern base, though imperfectly

exhibited, are apparently twisted under the limestone.

The calcareous beds of "Cerrig Cennen" are well exhibited, and consist of the black

and grey varieties of the adjacent carboniferous limestone, inclosing the same fossils *

viz., Productus hemisphfsricus , P. Martini, and large bunches of one of the corals pecu-

liar to this formation, (Lithodendron sexdecimale, PhilL, &c.)

The precipitous face or escarpment of the rock on which the castle stands, is exposed

to the depth of about 60 feet, the summit of the hill being between 250 and 300 feet

above the Cennen. The remainder of the declivity from the base of the rock to the

river, is covered by a steep grassy slope, which conceals almost entirely the strata below

the limestone ; but at one point the Cennen has worn away a small portion of the talus,

and exposed a few feet of red sandstone, which appear to dip, as before said, unconform-

ably under the limestone of the castle hill.

On the left bank of the Cennen the strata of Old Red Sandstone interposed between

the outlier and the main escarpment of the carboniferous limestone, are so concealed by

detritus, that traces of them are to be detected only in the bed of one small rivulet.

On ascending, however, to the site of the great fault already described, or towards the

break in the zone of limestone above alluded to, we find the upper member of the Old

Red Sandstone plunging to the south beneath the limestone on one side of the ravine,

at an angle of seventy degrees, and on the other of thirty or forty degrees to the south-

east (sources of the Lwchwr). Seeing that the sudden break in the continuity of the

main escarpment of the limestone is exactly opposite the outlier Cerrig Cennen, and that

this dislocated mass would, as nearly as could be estimated, fill the portion of the gap

which is between the spring head of the Lwchwr and the house of Cwrt-a-barddh, it

might at first be concluded, that the rock Cerrig Cennen had been torn from its parent

seat, and precipitated down the shelving escarpment upon the surface of the Old Red

Sandstone ; an inference which would not appear extravagant in this region of violent

disturbance. But though highly curious and different from that of Carreg-las already

described, or of any other detached mass along the frontier of the South Welsh coal-

field, the dislocation of Cerrig Cennen may be simply explained. It is evident from,

x 2



168 DISLOCATIONS ALONG THE MARGIN OF THE SOUTH WELSH BASIN.

the abrupt escarpment of the chief mass, that the carboniferous limestone must once

have extended over a considerable portion of the valley, and probably far to the west-

ward of the castle. It is also evident from the opposite inclination of the strata on

each side of the gap at Cwrt-a-barddh and from the beds on which the castle stands

dipping away from the main escarpment, that the whole of the district has been vio-

lently broken up. We have therefore data for inferring, that the part of the valley

situated between the outlier and the boundary of the coal-field was once the scene of

a great disturbance, and that a body of water similar to that we have supposed to be

in existence in the case of Pen Cerrig Calch (p. 162.) has subsequently removed the

intervening masses of strata, leaving the Cerrig Cennen a monument of its devastating

action.

It is not my intention to describe the other dislocations in the carboniferous limestone

on the south-western edge of the South Welsh coal basin, as they will form a portion

of Mr. Conybeare's memoir. It is sufficient to say that they all exhibit, though some-

times in a minor degree, nearly the same phenomena as have been here delineated.

Some of the general inferences which may be deduced from these facts will be noticed

in a subsequent chapter, after the reader has been made acquainted with the disruptions

of the older rocks.

Repeating, however, an observation deduced from similar phenomena in the Clee

Hills, I will here merely observe, that the method by which the strata surrounding and

supporting this coal-field have been fashioned into the broken margin of a basin, is

clearly indicated by numerous and powerful transverse dislocations
1

.

1 See p. 119.



CHAPTER XIV.

OLD RED SYSTEM.

I. Conglomerate and Sandstone.— 2. Comstone and Marl.—3. Tilestone.

THE rocks known to English geologists under the name of the Old Red Sandstone,

consist of various strata of conglomerate, sandstone, marl, limestone, and tilestone, the

youngest beds of which dip conformably beneath the carboniferous deposits, whilst the

oldest repose upon and pass into certain grey-coloured rocks. These grey-coloured

rocks form the upper part of the Silurian System. (See coloured section upon the Map,

also PI. 31. figs. 1 to 4, and wood-cut p. 171.)

Being convinced that the Old Red Sandstone is of greater magnitude than any of the

overlying groups, I venture for the first time in the annals of British geology to apply-

to it the term system, in order to convey a just conception of its importance in the

natural succession of rocks, and also to show, that as the carboniferous system, in

which previous writers have merged it
1

,
(but from which it is completely distinguishable,

1 See even the very recent vocabulary used in the Bridgewater Treatise by Dr. Buckland, in which the Old

Red Sandstone is made a subordinate part of the carboniferous system, the same divisions being there retained

which were first put forth by Mr. Conybeare. Mr. Lyell, however, has in great measure adopted the classifi-

cation here proposed. Professor Sedgwick, and myself, have examined these rocks over a wider area, perhaps,

than most English geologists, and he coincides in the necessity of separating the Old Red Sandstone from the

overlying and subjacent systems. (See memoir by Professor Sedgwick and myself on the Old Red Sandstone of

the Highlands of Scotland. Geol. Trans, vol. iii. and subsequent memoirs by Professor Sedgwick, Geol. Trans,

vol. iv.) The Norwegian rocks should be examined in detail by some competent observer to decide how far
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both by lithological characters and zoological contents,) is surmounted by one red

group ; so is it underlaid by another, this lower red group being infinitely thicker than

the upper. The chief reason, perhaps, why the Old Red Sandstone has not been con-

sidered as entitled to the rank of a system is, that in France and Germany its equiva-

lents are ill, if at all, developed. It has, however, been recognised in Poland and Si-

lesia, while in Norway there are mountain ranges very similar in structure to the types

of this system in the North of England, Scotland, and Ireland. As, however, there is

no region of Europe yet examined, where the Old Red Sandstone is better exhibited

than in the British Isles, so there is no part of the kingdom in which it is so much ex-

panded as in the country here described. Occupying the largest portion of Herefordshire

and the adjacent districts of Worcestershire and Shropshire, it spreads over wide tracts

of Monmouthshire, surrounding the coal-field of the Forest of Dean ; and forming a

girdle round the great South Welsh coal basin, it constitutes in Brecknockshire the

]oftiest mountains of South Britain. The enormous thickness of the red stratified de-

posits, included between the coal measures and the Silurian rocks, will at once be com-

prehended by any observer who places himself on the eastern slopes of the latter on the

Welsh borders of Herefordshire (near Kington, for example); whence casting his eye to

the south and south-east, the circle of vision, although extending over all the mountains

between the Wye and the Usk, and terminating only in the lofty mountains, called the

Brecon and Caermarthen fans
1

, 2500 feet above the sea, embraces nothing but Old Red

Sandstone! (See vignette, head of the chapter.) This view does not include a wide

superficies, occupied merely by undulating masses of the same strata, but a territory in

which successive members of the system rise from beneath each other in distinct moun-

tainous escarpments. The same succession, though in a much smaller scale, is dis-

played in Shropshire, between the coal-field of the Clee Hills and the older rocks of

Ludlow ; whilst in the central districts of Herefordshire the strata lie in a great basin,

the lower edges of which are turned up against the Silurian rocks, both on their eastern

and western flanks.

For the convenience of description, a triple subdivision of this system is adopted j

the strata being described in descending order under the following names 2
:

1 . Quartzose Conglomerate and Sandstone,

2. Cornstone and Marl.

3. Tilestone,

they agree in order and in characters with the older strata of the British series ; but as I shall hereafter show,

that the Silurian System is there largely—perhaps fully developed, so we have every reason to suppose that

the mountain masses of the red conglomerate and sandstone of that kingdom represent our Old Red System.

Pusch, indeed, has shown the existence of Old Red Sandstone in Poland, and it is supposed to rise from beneath

the coal-fields of Bohemia and Silesia. To what extent does it exist in Russia ?

1 " Fan :" Anglice, a covering or cap, i. e. the summit.

2 A similar subdivision of the Old Red Sandstone was first proposed by Buckland and Conybeaie in 'their

memoir on the Bristol district.
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20.

a. Millstone Grit. b. and c. Carboniferous Limestone and Shale (overlying rocks described in the preceding

chapters.)

The Old Red System consists of d, e, f, and g: viz. d and e. Conglomerate and Sandstone; f. Cornstones and

Marl; g. Tilestone.

The Ludlow Rocks (upper formation of the Silurian System) appear rising from beneath the Old Red System at h.

In the descriptions which follow it will, however, be seen that the distinctions implied

by these names are not absolutely peculiar to any one of the three divisions, but are

under certain limitations repeated in each. Thus, though tiles are largely quarried in

the lowest strata throughout extensive tracts of country, beds almost equally fissile

occur partially both in the bottom part of the uppermost, and in the central or corn-

stone division: while, on the contrary, at Tortworth and Thornbury in Gloucestershire,

and in parts of Monmouthshire, conglomerates are met with below the upper zone; and

in Pembrokeshire they even take the place of tilestones in the lowest strata. (See PI. 36.

fig. 17. and PI. 35. fig. 6.)

Let us commence the description of these deposits at the north-western edge of the

coal basin of South Wales, where the upper zone or formation is very largely and clearly

developed.

Quartzoss Conglomerate and Sandstone. (See PL 31. fig. 1. and d, e of wood-cut.)

The loftiest points occupied by the Old Red Sandstone of England are the fans of

Caermarthen and Brecon, the former 2590 and the latter 2500 feet above the level of

the sea. The southern face of these mountains, like most other parts of the edge of

the South Welsh coal basin, slopes in a gentle talus, inclined from ten to twelve degrees

towards the centre of the coal-field, and is usually covered by turf or bogs. When
these coverings are removed, a conglomerate, composed of pebbles of white quartz in a

red matrix, forms the upper member of the Old Red Sandstone, or substratum of the

carboniferous limestone. To the south of Abergavenny, and all along the northern

edge of the coal-field, the conglomerate occupies this relative position, clipping beneath

the limestone and cropping out near the summit of the steep escarpments. In the

Blorenge mountain near Abergavenny, the upper beds immediately underlying the lime-

stone, are quartzose grits, with a slightly calcareous cement, containing occasionally

pink and white pebbles of quartz, varying from the size of a mustard-seed to that of

two and three inches, sometimes mixed up with grains of a green colour and compact

felspar. Other and lower beds, however, are pure quartzose conglomerates. When
fresh quarried, the conglomerate is sometimes of a pink or reddish colour, but after
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long exposure it frequently becomes nearly white, in which state it might be mistaken

for the coarser beds of the millstone grit, but it is separated from them by the carbo-

niferous limestone. The conglomerate beds occupy a thickness of about two hundred

feet, and pass down into chocolate brown, and reddish, coarse-grained sandstone, with

blotches of red shale and occasionally a very small pebble of quartz. Near the Caer-

marthen fans the conglomerate beds are from three to four feet thick, and inclose

fragments of felspar, hard schist, and black slate. Similar beds, with the same rela-

tions, form a continuous girdle round the coal basin of the Forest of Dean, and the

tourist upon the Wye may observe excellent examples of them in the promontory which

advances to the west of the picturesque cliffs of Symonds Yat, between Monmouth and

Ross. Again, these conglomerates are seen in great masses on the right bank of the

Wye, to the north of Tintern Abbey, from whence they range southwards over a con-

siderable district of Monmouthshire, extending along the summit of Wentwood, the

highest ground between Chepstow and Usk„ (See Map.)

In the beds immediately below the conglomerate, the pebbles gradually disappear, until the rock

becomes a pure sandstone of brownish and occasionally of delicate gosling green and deep red colours

:

other beds are much spotted with green blotches on a dark red ground. All the escarpments of the

lofty mountains of the Brecon and Caermarthenshire fans, and extending thence into the neighbour-

hood of Abergavenny, exhibit a like succession of underlying strata of brownish red and greenish

grey sandstones, fine-grained, hard, and sometimes thick-bedded, the mica being, for the most part,

intimately mixed with the other components of the stone. These sandstones alternate with bands

of red and green argillaceous marl. Where roads are contiguous, the sandstone is quarried for

troughs, cider-presses, and all building purposes. Some of the lower layers of this division are so

thin-bedded as to split into tiles, a character, however, which is not common. Other courses of

the sandstone have a strong flaglike tendency, and the fine-grained purplish brown sandstones of

the Fan bwlch-y-chwyth, near Tre-castle, are quarried for flagstones, which are transported as far

as Llandovery. Other varieties are sufficiently fine-grained to be used as whetstones. These rocks

are separable from the underlying groups, not only by their position, but also by containing no

beds sufficiently calcareous to be burnt for lime. It must, however, be observed, that in many

situations where this subgroup is much expanded, particularly on the northern sides of the Blorenge,

the fans of Brecon, and other portions of the margin of the South Welsh coal-field, it contains oc-

casionally thin courses, two or three in a mountain side, of mottled, red and green, very impure

limestone, which is undistinguishable from some of the least calcareous beds of cornstone in the

central part of the system. The bold scar 1 called the Daren, two miles north of Crickhowell, offers

a fine vertical section of a portion of this division. We there see a greenish, fine-grained, thick-

bedded sandstone (an excellent building-stone), alternating with purple, red, and green, finely

laminated, marls, and other thin courses of hard sandstone and fine conglomerate. In the latter

I detected the scale of a large fish which has not yet been described by M. Agassiz. Similar beds

of red and green impure cornstones, are observable midway in the escarpment of the Blorenge,

1 The Daren owes its form to a great subsidence of the rock, the fragments occupying a rough talus above

the valley of the Usk. I much regret that my own imperfect sketch of this picturesque scene is not worthy

of being engraved.
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as laid open upon the sides of the inclined plane by which the limestone is conveyed to the Aber-

gavenny Canal. The sides of this inclined plane expose one of the best sections I am acquainted

with, extending upwards from the cornstone which appears in the valley, to the conglomerate, the

great mass of which lying above the top of the inclined plane, is covered by the mountain lime-

stone and millstone grit. The upper masses of the mountains between the Usk and the Wye, oc-

cupying various lofty eminences from 1800 to 2545 feet above the sea, and known under the general

name of the Black Mountain, together with the Skirrid, are composed of brownish red and greenish

sandstones, passing downwards into the concretionary and fragmentary rocks of the next division.

The Skirrid is partially capped by quartzose conglomerate, and then exhibits in descending order

—

1. Chocolate red-, and green-coloured thin-bedded hard sandstones.

2. Do., very finely grained, thick-bedded.

3. Mottled marls, red and green.

4. Thick beds of brownish or chocolate red, surfaces marked by irregular blotches or concretions of green and red marl of

various forms. (See p. 179.)

5. Marls like No. 3.

6. Thick-bedded brown sandstone, becoming slightly calcareous and passing down into cornstone.

The greenish variety of sandstone in this section is composed of grains of sand and quartz, with

spangles of mica, in a matrix of decomposed felspar, the colouring matter being probably chlorite,

which together with the felspar of the matrix gives a trappean aspect to the rock when viewed in

hand specimens. Again, some of the hardest sandstones, particularly where they pass into the

blotchy marls and cornstones, are themselves slightly calcareous. Such characters may be observed

in many other sections ; but the greenish felspathic rock is a variety never seen in the system of

New Red Sandstone. It again occurs in a remarkably compact state in the Old Red Sandstone of

Caermarthenshire under Nelson's monument, on the left bank of the river Towey.

In the Black Forest, the masses dip slightly towards the South Welsh coal-field, the

upper strata occupying the summits of long tabular ridges, which rise towards the north-

west and present bold escarpments to the valley of the Wye. In some of these ridges,

where the lower beds of the zone pass into the inferior cornstone and marl, tiles are

largely worked, and other beds contain thin layers filled with fragments of carbonized

vegetable matter • but I have never yet detected any remains sufficiently perfect to be

compared with known fossil plants. These imperfect fragments of vegetables being ac-

companied by thin films of carbonaceous matter, have induced ill-advised speculators to

drive galleries into the mountain sides in search of coal. It is scarcely necessary to add,

that all these enterprises have failed. Remains of some of the works near the summit

of the cornstone group are visible on the eastern side of a steep ravine above the village

of Cusop, two miles south of the town of Hay.

No rock described in this work puts on a more ancient aspect than these sandstones

as seen upon the 'north side of the Sugar Loaf, and in the wild gorges by which the

great mass of the Black Forest is fissured. We must not, however, judge of the an-

tiquity of rocks by their mineral aspect, nor even by their lithological structure ; for, as

I shall have occasion to show, there are many portions of the Old Red Sandstone (par-

ticularly in Pembrokeshire,) undistinguishable in these respects from the oldest greywacke

Y
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rocks, whilst strata of the underlying Silurian system, formerly termed greywacke, so far

from assuming an air of higher antiquity, in numberless cases and over very large areas,

resemble closely some of the younger secondary deposits.

The lower portion of this upper sandstone, caps the escarpment of the cornstone and marls both

in the splendid mountain range of the Black Forest, and in the central parts of Herefordshire, ap-

pearing as thickly bedded sandstones of excellent quality for building, and is quarried for tiles in

the hills south of Hay, as well as to the south-east of Weobly. In most other parts of Hereford-

shire, the upper sandstones thin out, the underlying cornstones rising to the surface \ but in the north-

eastern parts of the county, particularly round Bromyard, there are also sandstones which come within

this division of the system. The finest examples occur in the large quarries of Bromyard Downs, on

the road to Worcester, where there are light-coloured, slightly micaceous, finely grained, whitish or

greenish sandstones, in beds of 6 and more feet thick, separated from each other by courses of deep

red marly clay, and divided by vertical fissures partially filled with it. These quarries produce

blocks of stone 20 feet long by 6 feet wide, and troughs of great depth. The cap of the rock consists

of flaggy incoherent beds of a dingy red colour, with spots or blotches of greenish argillaceous

marl. Whitish sandstones resembling those of Bromyard Downs, and of excellent quality, are

quarried near Cleobury Mortimer, and others of red colour are extracted in large masses for cider-

presses, in the range of the hills north of the Teme near Pensax. These strata alternate with marls

and other sandstones, which are hard, flaglike, and micaceous.

In that district of Shropshire which environs the coal-field of the Forest of Wyre, and

extends to the neighbourhood of Bridgenorth and Wenlock, the upper member of the

Old Red Sandstone is generally ill exhibited, the only clear and unequivocal section of

it being that which is exposed at Prescot Bridge and Oreton. (See PI. 30. fig. 1 .) Without

the plainest evidence of superposition, this soft yellow sandstone might be mistaken for

a coal-measure stratum, but as it is really overlaid by a quartzose conglomerate, which

dips conformably beneath a band of true carboniferous limestone, and on the other hand

reposes on cornstone, all doubts are dispelled, and like rocks of similar composition

and colour which we shall hereafter notice in Pembrokeshire, the yellow sandstone of

Prescot Bridge, is thus proved to belong to the upper division of the Old Red System.

Similar geological relations are displayed on the steep acclivities of the Clee Hills.

The southern extremity of the Clee-barf (the Brown Clee,) is strongly marked by the

exposure of the upper conglomerates and grits, though in some parts they are so grey

as to resemble the overlying millstone grit. The upper beds of the Old Red here

conform to the lowest sandstone of the coal measures, both being inclined at small

angles, and affected by the same faults and dislocations. (See Chapter VIII. pp. 123

and 124, and PL 30. fig. 6. ; and PI. 31. figs. 3 and 4.)

These beds are less clearly exhibited on the slopes of the Titterstone Clee, except in

the western face of the Knowlbury field, to the south of which, being much attenuated,

and also thrown up at very high angles, they occupy only a small surface. In all these

cases, the strata of this group dip under and support (conformably) the carboniferous

strata, as in the escarpments of the coal basins of South Wales and the Forest of Dean.
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There are many other situations, particularly in the proximity of coal-fields, (see Map,)

where this subdivision exists ; but I have only alluded to some of the best-defined in-

stances. With the exception of a large fish scale detected near Crickhowell, no animal

organic remains have yet been observed in this upper division; and although a few frag-

ments of carbonized vegetables have been collected, none of these, as before said, are iden-

tifiable with the plants of the coal measures. In their imperfect state of preservation,

the botanist can only decide that they belong to land plants. I have, however, little doubt

that future observers will detect vegetable forms sufficiently well defined to be described;

and I would recommend those ravines near Cusop to be well examined in which deep

sections are exposed, as well as other parts of the escarpment of the Black Forest 1
.

Central or Cornstone Formation. (/. of wood-cut and PL 31. fig. 1.)

The central masses of this system are chiefly composed of alternations of red and

green argillaceous spotted marls, affording, on decomposition, the soil of the richest

tracts of Brecknockshire, Monmouthshire, and Herefordshire ; a large position of Salop,

and small parts of Gloucestershire and Worcestershire. These argillaceous beds some-

times alternate with sandstone, but more frequently with irregular courses of concre-

tionary impure limestone, mottled also red and green. When compact, the calcareous

beds are termed simply limestones by the quarrymen, but when mixed with sand and

marl, giving them a brecciated or conglomerate aspect, they constitute the well-known

cornstone of these counties. The dull-green colour on the Map indicates the chief lines

where these concretionary courses have been observed, though it is not pretended that

all the points where calcareous rocks appear at the surface, are laid down; for the corn-

stone formation of the Old Red System contains so many inosculating and slightly per-

sistent bands of concretionary limestone, in some cases mixed with marl, shale, and

sand, in others assuming a subcrystalline form, that it is seldom practicable to separate

the calcareous matter, even in any one district, into a given number of bands.

We may commence the detailed description of this formation in Caermarthenshire,

because, although the cornstones in that county are of very impure quality, their relations

are clearly exposed in a section exhibited in descending from the Caermarthenshire fans

towards the bridge called Pont-ar-lleche. (See PI. 34. fig. 5.) The river Sowdde here

runs in a narrow cleft or channel which cuts the strata at right angles to their strike.

The inclination of the beds is towards the south-east, and the dip varies from 65° near the

superior limits of the formation, to 75° towards its base, or junction with the tilestones.

In the short distance, therefore, of about three quarters of a mile, we obtain by means

1 The shells and fishes of the Old Red System are described in subsequent chapters, followed by descriptions

of the Silurian fossils.

Y 2
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of the high inclination of the strata, and the clearness of the section, a perfect know-

ledge of all the beds comprising the cornstone division, which, owing to their slight in-

clination and gentle undulations, are expanded over the low and fertile tracts of

Brecknockshire and Herefordshire, and are there rarely well exhibited as a whole. The

strata consist of deep red shale, argillaceous sandstone, and hard, quartzose, dingy

purple, or brown sandstone, slightly micaceous ; with intercalated calcareous beds, of a

concretionary and pseudo-concretionary structure. These calcareous concretions, varying

in colour from red to green, and in diameter from half an inch to three or four inches,

are disseminated through the mottled marl, which becomes occasionally an impure lime-

stone. They are arranged in bands occupying vertically from 8 to 30 feet each 1
.

The finest example of limestone of the Old Red System in Caermarthenshire, occurs in the cliff

under the Castle at Llanstephan near the mouth of the Towey. (PI. 34. fig. 10.) The rock is there

from twenty- five to thirty feet thick, the upper part consisting of a number of small concretions,

which are underlaid by three massive beds of impure limestone, mottled green, blue, and red. Rising

in a dome-shape and slightly inclined, this calcareous mass is overlaid by red and green marls
j

and further to the south or towards the marine headland, are flagstones, sandstones, and other well-

characterized beds of the system. In a subsequent account of Pembrokeshire, I shall have occasion

to show that although the calcareous matter becomes much scarcer in the Old Red Sandstone of

that county, we still meet with mottled, imperfect, concretionary masses, which are in parts calca-

reous, and represent the cornstone formation.

To the east of Brecon, the cornstones rise from beneath the uppermost or quartzose strata into

the escarpment of the mountains of the Black Forest, where they are much more strongly developed

than in Caermarthenshire, as attested by different lines of lime-kilns which mark the lower limits

of the mountains S. and S.E. of the town of Hay. (PI. 31. fig. 1.) Some of the subordinate beds in

the immediate vicinity of Hay, afford a most excellent, thick-bedded freestone of a delicate green

colour, and of which the town is built. The cornstones, which are here so prevalent, rise to consi-

derable heights on the sides of the escarpments, and dipping gradually to the south-east, occasion-

ally reappear in deep denudations in the valley of the Usk, near Abergavenny; and finally disappear

under the great mass of overlying sandstone and quartzose conglomerate, which has been described

as forming the extreme margin of the South Welsh coal-field. At the northern escarpment of the

Skirrid, the remarkable ridge to the north of Abergavenny before alluded to, thick beds of cornstone

are exposed, dipping under red, brown, chocolate, and green sandstones, with blotches and con-

cretions of red marl. Other courses of cornstone extend along the lower sides of the Skirrid, and

are exposed' in the transverse valley between that mountain and the Sugar Loaf ; and a few thin

1 The inhabitants of the banks of the Sowdde are not aware of the calcareous nature of these beds, there

being no occasion to seek for lime in a situation where, from the high inclination of all the strata, the middle

and lower members of the Old Red Sandstone are thrown into the immediate neighbourhood of the escarpment

of the carboniferous limestone (see section PI. 34. fig. 5.), the great works in which, at Clogan-mawr and Clogan-

bach, on the road leading from Pont-ar-lleche to Swansea, supply all the adjoining western districts of Caer-

marthenshire with lime very superior in quality to any which can be procured from the cornstones of the Old

Red Sandstone. The same statement may be applied to the district immediately to the north of Abergavenny,

where the cornstones are exposed, but will not, from their impure quality, stand a competition with the adja-

cent carboniferous limestone, and consequently are not worked. (See Map.)
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layers have been already alluded to as appearing in the face of the great escarpment of the

Blorenge-

I refer the reader to the map to obtain a notion of the large tracts in Brecon and Monmouth,

where these limestones prevail. A good descending section of the whole system of Old Red, has

recently been laid open by making the new road from Chepstow to Usk, which runs directly across

the strata. On this road
3
the traveller first passes over the quartzose formation of sandstone and con-

glomerate, rising from beneath the lower carboniferous limestone shale ; next the marls and cornstone

in the bold escarpment of Golden Hill, and thence traversing sundry calcareous courses, he meets with

the Silurian Rocks in the hills north of Usk, throwing off upon their eastern slopes the marls and tile-

stones. (See PI. 36. fig. 21.) In the southern parts of Herefordshire (between Monmouth Cap and

Whitefield), are numerous courses of small round concretions, which not being firmly bound together

by the matrix, readily separate from the imbedding sand and clay, and are used as gravel for the

roads. In the same tract, however, are strong courses of very pure concretionary limestone, of

purple and green colours, one variety of which appears to have been formerly used as marble.

To the north of the river Wye, the same system is prolonged in the central hills of Herefordshire ;

and traverses made across these hills from Hereford to the Vale of Weobly, afford good sections of

the cornstone group. The descending section of it may be thus enumerated, the beds dipping to

the S.E. or S.S.E. at angles of 12° and 15°.

a. Slaty beds, quarried for tiles in the hills above Mr. Peploe's Park, (contain broken portions of vegetables, often in a

state of carbon).

b. Marls, red and green.

c. Cornstone, in parts semi-crystalline, seldom exceeding 4 to 5 feet in thickness.

d. Argillaceous marls with impure limestone, fit only for road-mending.

e. Great sandstone quarries (at Raven's Causeway, for example,) from 30 to 40 feet in depth, contain fine large flaggy

beds of light greenish colour, used for tombstones ; and strong beds of micaceous, fmely-grained sandstone, the lines

of deposit being sometimes marked by purple and light green stripes. This stone is of excellent quality for building.

/. Argillaceous marls.

g. Courses of impure concretionary limestone, appear here and there in the slopes and lower sides of the hills ; these

descend into the rich low grounds around Weobly. If powerful denudation had not destroyed the strata and covered them

with gravel, the valley of the Wye between Hereford and the Hay would doubtlessly have afforded similar sections, for the

same succession of argillaceous marl, sandstone, cornstone, and flagstone is displayed in the hills of Moccas on the south or

right bank of the Wye, as those described in the Weobly Hills. There can, indeed, be no doubt that the strata of these

two hilly ranges on the opposite banks of the river were once continuous, because whenever the gravel has been removed,

the cliffs exhibit the red argillaceous beds.

Similar arrangements of strata are exhibited in the escarpments of all the hills ex-

tending from Weobly to Leominster, and thence to Tenbury and Bromyard ; the vast

thickness of the formation, including many masses of strong-bedded sandstone, being

remarkably well displayed in the hills crossed by the new road from Leominster to

Hereford. Wherever the marls have prevailed, the denudations have been most exten-

sive, as is remarkably exemplified in the lateral valleys on the sides of the Pyons, two

small conical hills, probably saved from destruction by the hardness of the concretionary

rock and gritty sandstones near their summits.

Nearly the whole of the central and northern parts of Herefordshire, and the con-

tiguous parts of Salop and Worcestershire, are occupied by this formation, those hills

having best resisted denuding influences, which contain the hardest concretions of corn-
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stone, or the firmest ribs of sandstone. In the northern portion of this range, the sub-

ordinate limestones become thicker and more crystalline.

Bands of cornstone appear at intervals in all the country lying between the Clee Hills and the

southern extremity of the coal-field of Coalbrook Dale; the same suite of beds forms also the base

upon which the greater part of the coal tracts of Billingsley and the Forest of Wyre have been de-

posited. At Lower Harcott, on the west side of Kinlett, the cornstone dips south and south-south-

west forty-five degrees, is five or six feet thick, and is burnt for lime. It here reposes upon a good

sandstone of greenish colour. This cornstone, as in other parts, is of very irregular dimensions,

contracting and expanding in the most capricious manner. In one district only I have traced it on

the east bank of the Severn, where the existence of the Old Red Sandstone had not previously been

noted in geological maps. (See Map and Section, PI. 30. fig. 3.)

The formation is there displayed in a narrow and detached ridge on the south side of the thin

zone of coal measures of Arley and Shatterford, ranging between these rocks and the New Red
Sandstone of Warshill and Horsley Bank near Kidderminster. The Old and New Red Sandstones

are in abrupt and unconformable junction on the sides of a new cut in the road ascending from Kid-

derminster to Shatterford Gate, near which beds of true cornstone are burnt for lime. These beds

are there clearly distinguishable from the calcareous bands of the adjacent Lower New Red Sand-

stone, by their unconformable position.

The extent of the changes made in the map of the boundary lines of previous ob-

servers, defining the junction of the Old, and the contiguous New Red Sandstone of

Worcestershire, can be best understood by comparison with such authorities. Much
ambiguity, indeed, prevailed in this part of the region, owing to the anomalous litholo-

gical characters of the Lower New Red Sandstone, (already explained in chapter 4.,)

which, on the confines of Worcestershire, Salop, and Herefordshire, puts on so much
the character of the Old Red, with which it is in contact.

On the right bank of the Teme, the hills of Old Red Sandstone, ranging from Tenbury to the

villages of Stamford and Shelsley Walsall to Sapey, &c, consist of marls, clays, sandstones, and

flags, with some thick zones of concretionary limestone. In one of these bands near Hill Top, east

of Tenbury, I found the crevices partially filled with minute thin coats of anthracite, mixed with

white crystallized carbonate of lime. Besides the principal bands of limestone, which here vary in

thickness from four to ten feet, there are, as in other places, thinner courses of cornstone, alternating

with beds of deep red and greenish sandstones, of a flaggy structure. Much calcareous matter is

disseminated throughout these hills, and gives rise to the superficial deposit of travertine and sta-

lactite which will be described in a subsequent Chapter. (See Southstone Roch, Index.)

The sandstones associated with the marls and cornstones sometimes expose upon

their surfaces certain small depressions, frequently of circular and horse-shoe forms,

occasionally having a raised central disc. These forms, which are remarkably exhibited

in the bed of the Sapey Brook, near Knightsford Bridge, appear to be due to the action

of water upon blotches, or imperfect concretions of party-coloured marls or soft argilla-

ceous sandstones, which being of less consistence than the mass of the rock, have been

eroded, leaving these cavities. Similar forms, indeed, are found in numberless portions
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of the Old Red Sandstone. I may particularly cite the escarpment of the Skirrid,

three miles north of Abergavenny, and the cliff called the Daren, north of Crickhowell,

as situations where they may be seen in countless profusion, imitating in their outline,

horse- shoes, rings, almonds, &c. It is quite manifest that by exposing rocks of the

varied composition of these in question, to the action of running water, as in the Sapey

Brook, or to long-continued atmospheric influences, as in the Skirrid, the inevitable

result would be the wearing away of these blotches or concretions, which are softer than

the inclosing mass of rock 1

.

There is no district in which the nature and relations of the cornstone can be better

studied than to the north of Ludlow, where the formation occupies a distinct range of hills

rising to the height of four or five hundred feet above the low country, and presenting

escarpments to the valley of Corvedale. In these hills are several calcareous zones,

separated by thick masses of sandstone, flagstone, and argillaceous marl, the strata

dipping slightly to the north and south of east.

Some of the best flagstones of these hills are quarried at Bouldon. The upper beds consist of

red marl, impure cornstone, and thin beds of deep-coloured red sandstone. Beneath these lie about

twelve feet of sandstone, which splits into flags. This stone is of a greenish colour and highly mi-

caceous, and its surfaces are marked by those undulations or ripple-marks, so frequent in the

sandstones of all ages, and which are supposed to have resulted from the action of water during the

process of deposition. The flags are from three to eight inches thick, and sometimes of great extent,

and they are largely used for staircases, doorways, wall tops, lintels, Sec; a course of impure corn-

stone underlies the flagstone. Similar flagstones but generally of dull red colours are extracted

at the southern end of the Brown Clee, and on the south-western slopes of the Titterstone Clee. In

the quarries of Sir W. Boughton, Bart., at Downton Hall, flags are often quarried of the great size

of one hundred square feet.

A section of the strata between the slopes east of Downton Hall and the valley of

Corvedale is seen by reference to PI. 31. fig. 3., and the structure of these beds is al-

ready sufficiently explained to render unnecessary the encumbering of these pages

with similar details in other places. The courses of concretionary limestone are as

usual not continuous • on the contrary, they expand and diminish, disappearing and

reappearing in their horizontal range.

Similar exhibitions of concretionary limestone wrap round the sides of the Clee Hills.

1 I was indebted to Mr. Jabez Allies, of Worcester, for directing my attention to these forms in the stone

of the Sapey Brook, and concerning which he read an ingenious antiquarian memoir before the Natural History

Society of Worcester. In that paper, since published, he states the following tradition of the district. A mare

and her foal having been stolen from St. Margaret of Audley, the patron of the adjacent chapelry of Sapey,

the track of the stolen animal, and also of the pattens of the woman who led them down the bed of the brook,

were by the wrath of Heaven left as ineffaceable marks of the impious crime. This is no doubt a monkish

legend, in which a natural phenomenon was made preternatural, to work on the credulity of the age, and is

worthy of being added to the story of St. Bridget of Whitby, who through her intercessions turned all the snakes

of that district into stone, these snakes being the ammonites of the lias !
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On the western face of the Titterstone Clee they rise to a great height both at and

above Bitterly Court; they surround the Brown Clee, and are largely quarried at

Abdon, Ditton, &c. It is not possible to include these cornstones under one minera-

logical description. In most places they are of red and lightish green colours ; in others,

however, they are light brown with veins of dark chocolate and green, a variety of which

in a highly crystalline form is extracted at Targrove, near Downton Hall. At Ditton,

white and green colours prevail ; at Bromsgrove the mass is brown, with light grey

patches ; while at intermediate places they consist of marl, limestone, and sandstone,

irregularly concreted, and have the aspect of a conglomerate. In the last-mentioned

form alone, they constitute the cornstones of the inhabitants, and in this state are

quarried exclusively for the repairs of the roads, and are not burnt for lime. The best

courses are, however, almost crystalline, and if polished might be considered not ine-

legant marble, though the concretions are usually too small to afford large slabs. In

some of the great works at Ditton and Abdon there are two zones, the lowest and largest

of which is quarried to a depth of twenty feet, in caverns under the slopes of,the Brown

Clee Hills. It is needless to mention other localities in this neighbourhood, for the

formation here ranges over a very wide area. (See Map.)

Throughout the whole of its range, with the -exception of the space between the coal-

field and the older rocks of Caermarthenshire, and its protrusion through some of the

poor coal-fields of Bewdley Forest, the strata of this cornstone group are very little

inclined, an arrangement which might naturally have been looked for in the central

parts of a basin or trough of large size. The spotted marls can never be distinguished,

from those of the New Red Sandstone, except perhaps when they are separated from

each other by beds of hard, micaceous sandstone. In districts where the argillaceous

character exclusively predominates, there is some difficulty in persuading the inhabitants

that they live upon the Old Red Sandstone
;
although that name when applied to the

whole system is as unobjectionable as any in the nomenclature of geology.

Wherever the order of superposition is not apparent, the fragments of fossil fishes

which occur in abundance throughout the cornstones
1

, constitute the best distinction

between this formation and the Lower New Red Sandstone which it so much resembles.

These fishes, which will be described in a subsequent chapter, are of very peculiar forms,

and their fragments being often of brilliant purple and blue colours, are excellent points

of attraction for the eye of the geologist ; since they present a strong contrast to the

surrounding dull red and green matrix in which they are enveloped. (See PL 1 and 2.,

in which the fishes of the genera Cephalaspis and Onchus are figured.)

1 The fishes of the cornstone formation were first discovered hy Dr. Lloyd of Ludlow. (See Chapter on the

Organic Remains of the Old Red Sandstone.)
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3. Tikstone. (See Sections, PI. 31. fig. 1. PI. 33. figs. 4 and 7. and PI. 34. figs. 1,

3, 6, 6, 7, 8, and 9. PL 36. figs. 5 and 8. and g. of wood-cut, p. 179.)

Course of the Tilestone from Caermarthenshire, through Brecknockshire and Radnorshire

into Shropshire.

This lower division of the Old Red System, though of much smaller dimensions

than the overlying formations, has very marked characters both in structure and fossil

contents, and is very clearly defined by occupying a position in which it passes upwards

into the cornstone and marls, and downwards into the Silurian rocks. In this relation

it has been already alluded to at Pont-ar-lleche (bridge on the tiles) , near Llangadock in

Caermarthenshire, from whence it is seen to run in a nearly rectilinear course, from the

Tri-chrug on the south-west, to near Builth on the north-east, occupying the loftiest

part of the escarpments of the wild tracts of Mynidd bwlch-y-groes and Mynidd Epynt,

at heights of fifteen hundred and sixteen hundred feet. In this range, the tilestones

are extensively quarried, and the strata, which are inclined at seventy and eighty degrees

near Pont-ar-lleche, diminish to forty and forty-five degrees at the north-eastern end of

the Mynidd Epynt, the dip being invariably to the south-east. After a great flexure

on the Wye, to the east of Builth, the tilestones are again found in similar relations

overlapping the Silurian rocks in the Begwm and Clyro Hills, Radnorshire, and ex-

tending thence to Kington in Herefordshire ; in which part of their range they are

much less inclined. (See PL 31. figs. 1 and 6, and PL 33. fig. 2.) Throughout their

course from Caermarthenshire to Kington, the distinguishing beds are finely laminated,

hard, reddish or green, micaceous, quartzose sandstones, which split into tiles.

Although the greenish colours prevail, these beds are usually associated with reddish

shale, and the decomposition of the mass uniformly produces a red soil, by which

character alone the outline of the division is easily defined
;
being always clearly sepa-

rable from the upper beds of the Silurian System, which decompose into a grey surface.

In Shropshire and the contiguous parts of Herefordshire, this lower member of the Old

Red System rarely occupies high ground, (except in the instance of the outlier of Clun

Forest, hereafter to be described,) and being for the most part recumbent on the talus

of the upper Silurian rocks, where the latter sink down into valleys, it is generally much

obscured by alluvial detritus. In the gorge of the Teme, however, between Ludlow and

Downton Castle, it is well laid open, particularly at a spot called the Tin Mill. (PL 31.

fig. 2.) Flaglike, micaceous, dark red sandstone "Bur Stones" rise there at an angle

of about fifteen degrees from beneath the red argillaceous marls of Oakley Park, and

pass down into a lightish-coloured grey, yellowish, and greenish grey freestone, of

which Downton Castle is built, which will presently be described as constituting the

upper stratum of the Silurian System. Similar relations are visible at Ludlow, and at

Richard's Castle to the south of Ludlow.

z
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In this district, however, these lower red and yellowish beds, or "bur stones," are

seldom so fissile as the "tile stones" described in South Wales. They occasionally

contain a few organic remains, such as Avicula, and a small Lingula, both of new
species, which will presently be described. In the Shropshire beds the remains of fishes

prevail more than those of mollusca, including the Dipterus macrolepidotus (Sedgwick

and Murchison), ichthyodorulites of the genus Onchus, and small bufonites the remains

of palates of fishes. (See PI. 1. fig. 2, 2 a. PI. 3. and subsequent description of the shells

and fishes of the Old Red System.)

In the southern parts of Caermarthenshire and in Pembrokeshire, the tilestones can-

not be traced as a persistent zone, and the triple subdivision of the system can no

longer be observed. Thus, in following the escarpment of the carboniferous limestones

of Caermarthenshire to the low hills near the coast, we gradually lose the distinct traces

of the red conglomerate below it. Beds of cornstone are very rarely to be detected

in the central masses, and the tilestone of Middleton Park (between Llandeilo and Caer-

marthen) are the last well-defined examples of that variety of stone. At Black Pool and

Castel Goylan near the mouth of the Towey the lower beds do not afford tilestones, but,

on the contrary, are thick-bedded, slightly conglomerated, mottled, quartzose sandstones.

The previous sketch, however, of the lower member of the Old Red has been de-

rived from numberless transverse sections, made between Pont-ar-lleche on the south-

west and the environs of Ludlow on the north-east, being a distance of near ninety miles.

Reverting to the section at Pont-ar-lleche (PI. 34. fig. 5.), the shale and cornstone are thereunder-

laid by alternations of red and green sandstone, some of the lowest of which are the "Tilestones
"

which give the name to the bridge. Below these are other bands of a quartzose, deep red sandstone,

indurated shale, and slightly conglomerate purplish brown sandstone, containing small pebbles of

quartz, which gradually disappearing, the beds pass into the underlying grey Silurian rocks of the

district. These conglomerate beds, though not seen at the base of the Old Red System in any other

parts of its course between Caermarthenshire and Ludlow, are found in the same position in Pem-

brokeshire and at Thornbury, Gloucestershire. (See the chapters on Pembrokeshire and Tortworth.)

Casts of Orthoceratites and other fossils occur in the finely laminated beds associated with the tile-

stones at Pont-ar-lleche, similar to those of other localities.

The transverse section of these beds afforded by the valley of the Cwm Dwr, be-

tween Trecastle and Llandovery, is of high interest. (PI. 34. figs. 1 and 3.) Tilestones

are here quarried rising at an angle of sixty degrees from beneath the marly and sandy

beds of the cornstone group, the lower tilestones graduating downwards into the

equivalent of the Ludlow rock. The uppermost beds are of a dark purple colour, their

surface being covered by large plates of a grey mica, and here and there indented with

certain impressions resembling those in the Old Red Sandstone of Scotland called

' Kelpie's feet
1 ." The lower beds, as worked on the steep acclivity west of the meeting-

1 It is highly probable that the Arbroath pavement beds of the Old Red Sandstone of Scotland, will be found

to correspond with the tilestone formation of South Wales.
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house called Horeb Chapel, have their dip increased to sixty-five and seventy degrees,

and are of greenish and grey colours, but these are again underlaid by other beds of a

reddish colour, so that the whole of the tilestones are clearly subordinate to the Old

Red System. The greenish beds split to an average thickness of three or four inches,

are much jointed, and have frequently an imperfect slaty cleavage transverse to the

bedding
;
they are highly charged with mica, both disseminated and in laminse. The

joints are for the most part vertical, and their faces are frequently coated with crystals

of white quartz.

Organic remains are abundant, and indicate clearly the lines of deposit, whilst the

transverse cleavage and the faces of the joints are strongly marked by sharp planes

cutting obliquely through the fossil layers. The fossils consist of unpublished species

of the following genera : Area, Avicula, Bellerophon, Cucullcsa, Lingula, Orthoceras, Te-

rebratula, Turbo, Turritella, Trochus, with the Tentaculites scalaris (Schlotheim)

.

This assemblage furnishes convincing proofs that certain genera of mollusks, such as

Area, Cucullcea, Turbo, Trochus, &c, which have hitherto been supposed to be confined

to the younger or tertiary and secondary deposits, have co-existed with the genera Or-

thoceras, Terebratula, Bellerophon, which peculiarly characterize the older strata. (See

PI. 3. and subsequent description of these fossils.)

Tilestone Group, east side of Herefordshire.—As the Old Red Sandstone lies in a vast

trough bounded by the Silurian System both on its eastern and western flanks, we ought

to find its lower member, or tilestones, forming the western fringe of the Malvern Hills.

Owing, however, to high inclination, the accumulation of detritus, and other results of

disturbance, these beds are rarely well displayed for any distance along the eastern

frontier of the Herefordshire basin. They are, however, clearly laid bare in a natural

transverse section at Brockhill Knell between Mathon and Ledbury, where thin bands

of yellowish green, micaceous flagstone, one and two inches thick, are subordinate to

red, green and purple marls, the whole dipping away to the west and overlying the

grey Ludlow rocks at an angle of forty-five degrees. (See PI. 36. fig. 7.) Hard and

thin flaggy rocks belonging to this group are also seen at the north-eastern suburb of

Ledbury, dipping fifty-five degrees west-north-west, but the flanks of the ledges of older

rocks near that town are encumbered with so much stiff red clay and detritus that the

exact junction beds can rarely be distinguished. (PI. 37. fig. 8.) The same causes of

obscuration, apply to the line of junction between the Old Red Sandstone and the Silu-

rian rocks of the May Hill range. In some valleys of elevation, however, the upper

surfaces of the grey-coloured Silurian Rocks, which are thrown up in their interior, ex-

hibit on their external faces clear examples of passage into the bottom beds of the Old

Red Sandstone. This is well seen on the eastern slopes of the Clytha Hills, two or

three miles east of Ragland, and will be further alluded to in the sequel.

z 2
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Probable thickness of the Old Red Sandstone.

The maximum thickness of the strata which compose the great British system of the

Old Red Sandstone may best be computed by an examination of the various groups of

rock which rise from beneath each other, between the edge of the South Welsh coal

basin and the Silurian rocks of Radnorshire. In a space of about eleven miles, from the

outlier of the carboniferous limestone called Pen Cerrig Calch near Crickhowel (see

p. 163. and PI. 31. fig. 1.), to the upper beds of the Ludlow rocks in the Clyro Hills

west of Hay, all the intervening strata of the Old Red are conformably inclined and

apparently without dislocations, at gentle angles of inclination, decreasing to five or six

degrees as they approach the south-east boundary, and increasing to fifteen degrees as

they rise towards the north-west or outcrop of the older rocks. In this wide space,

there is no possibility of ambiguity or misconception, for the whole of the beds are suc-

cessively exposed in lofty escarpments, which are clearly laid bare in the sides of the

deep ravines by which the mountains of the Black Forest are fissured. The heights of

these mountains vary from 1800 to 2500 feet.

Now provided the old notion were true, that strata preserved their dimensions on the

dip and passed regularly beneath each other for great distances, there would be no dif-

ficulty in determining, by a simple trigonometrical calculation, the thickness of the Old

Red System, which in this instance would be very enormous. But it is now a well as-

certained geological datum that no such regularity exists, and therefore an attempt to

deduce the vertical dimensions of formations, from their superficial breadth and the dip

of the beds is no longer admissible. I think, however, that looking to the altitude of

the mountains and the wide area they cover, the united thickness of the Old Red

System, at a moderate calculation, cannot be less than nine or ten thousand feet.



CHAPTER XV.

OLD RED SYSTEM (continued).

Trap-Dykes in the Old Red Sandstone ; Mineral Veins; Dislocations ; Outliers

;

Agricultural Characters of the System.

TWO examples only are yet known of trap rocks within the wide area occupied by

the Old Red Sandstone : the one at Bartestree near Hereford is marked in Mr.

Greenough's map ; the other, at Brockhill, on the left bank of the river Teme in Wor-

cestershire, has not previously been noticed.

The Bartestree or Hereford trap dyke extends from west-south-west to east-north-

east, as defined by the direction of its walls in the principal quarry called Low's Hill,

where the stone has long been worked for the use of the roads. (See Map.) It is cut

into to a depth of fifty feet, and a length of about a hundred and twenty feet. This

excavated space is nearly sixty feet wide at its entrance, but the trap diminishes to

about twenty feet in width at the extreme end of the quarry. The prevailing variety

of the trap is a highly crystalline greenstone, made up of hornblende, olivine, and

felspar. The central mass, having more or less the large spheroidal form, is hard and

compact, with more hornblende than felspar, the mixture of these minerals being ex-

ceedingly intimate. Other portions of the dyke, particularly those which are near the

sides, assume a prismatic form, the ends of the prisms directed towards the walls, and
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contain much felspar and a little quartz, the exterior being coated with a substance

having a greasy feel, probably serpentine. The rocks through which the dyke passes,

consist of red sandstone and marl, belonging to the cornstone or central division of

the Old Red System, and the beds at this spot are very nearly horizontal. The

hard trap rock having been cut away, these horizontal strata are left on either side,

their edges forming vertical walls, which were in contact with the dyke. We are

here presented with an excellent illustration of the effects produced by intrusive trap,

in altering or indurating the contiguous sandstone and marl through which it has

passed ; for a purple amygdaloid, with kernels and nests of yellowish calcareous spar,

forming the outer coat of the greenstone, is demonstrably nothing more than the spotted

marls so altered by the action of heat, that they resemble trappean amygdaloids. The

distinct separation of the calcareous from the argillaceous matter, and the diversity of

the colours give to this rock a very peculiar aspect. The effect of these alterations is

seen to penetrate beyond the amygdaloid several feet into the adjoining beds. In the

sandstone, the grains of sand, the associated calcareous and argillaceous matter pro-

bably serving as a flux, have been fused into white quartz, much lime being diffused

through the adjacent masses. Some of the carbonate of lime occurring in the nodules

and veins, may doubtless in this, as in other cases, have been formed by infiltration,

subsequent to the intrusion of the trap ; and I only mention the prevalent diffusion of

calcareous matter through the mass, to indicate how essentially it may have contributed

as a flux in the conversion of the rock. A few concretions in the altered marl are

coated with crystals of pearl spar ("chaux carbonatee magnesifere primitive") arranged

in globular forms. Other crystals have the aspect of dolomite, and thin films of anthra-

cite appear here and there in the interstices, the volatile parts having been driven off

by heat. At a few yards from the wall of the dyke, the strata of Old Red Sandstone

resume their ordinary characters, and are nearly horizontal. The direction of this

dyke of greenstone, from west-south-west to east-north-east, is remarkable in being

at right angles to the axis of elevation of the adjoining Woolhope valley. It seems,

however, to lie in the prolongation of the elevated mass of Ludlow Rocks called Shuck -

nell Hill, distant three miles from this spot (see Map) ; and we may therefore infer

that the dislocation of the strata of that hill was connected with a line of disturbance

proceeding from the chain of the Malvern and Abberley Hills to Bartestree (see De-

scription of Valley of Woolhope)

.

Trap-Dyke, Brockhill, Worcestershire (PI. 36. fig. 2., and vignette-head of this

chapter).

This trap-dyke, so remarkable in mineral structure, has been exposed by quarries

opened in a low hill close to the left bank of the river Teme, about eleven miles north-

east of Worcester, and distant only one mile and a quarter from the western flank of
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the Abberley Hills. It cuts through the Old Red Sandstone in a direction from five

degrees north of west, to five degrees south of east ; and being followed on its course

towards the Abberley Hills, has been laid open to a depth of about forty feet. The trap

is in one part about eight paces wide, and near its walls puts on a prismatic form, the

edges of the joints of the columns decomposing precisely like those of the basalt of

the Giant's Causeway, and some very regular columns have been extracted. The com-

position of the rock is unlike any I had previously seen in basaltiform dykes. It is in

fact partly a dark green columnar syenite, made up of hornblende, flesh-coloured felspar

and quartz, undistinguishable from varieties of the Malvern syenite ; and partly an

amygdaloid, containing kernels of carbonate of lime, which on exposure weather out

and leave cavities on the sides of the prisms. A "sahlbande," a few inches thick, of a

dark green colour, having a greasy feel, and being partially amygdaloidal, is interposed

between the trap and the altered rocks. The sections on each side of the dyke exhibit

horizontal beds, consisting of regular alternations of flaglike, micaceous sandstone and

shale, with several courses, from one to four feet thick, of concretionary, spotted,

impure limestone or cornstone. In contact with the trap, and for twenty feet and more

from its walls, the sandstone is much hardened, mica is wanting, and the colour of the

rock is changed to a dark purple. The variegated marls and cornstone are converted

into an indurated mass like that of Bartestree, resembling many trappean amygdaloids:

the lime is disseminated in veins and coatings of white crystallized carbonate of lime,

with a few crystals of iron pyrites. Other varieties of these altered marls have a splintery

conchoidal fracture, are partially prismatized, and have lost all traces of lamination.

As this dyke is analogous in composition to some of the rocky prolongations of the

Malvern ridge which extend to near Abberley 1

, and as its course points directly to

Woodbury, the most prominent of those elevations, we obtain one of the proofs that

volcanic forces have been in activity along that great fissure of eruption subsequent

to the consolidation of the Old Red Sandstone. Again, from the highly dislocated con-

dition of the patches of coal, which adhere to the flanks of these hills, no doubt can

remain, that volcanic action was also continued upon this line, after the deposit of the

carboniferous system.

With the evidence we shall hereafter adduce of the frequency of trappean eruptions

during the formation of the Silurian system, and with the proofs we have already given

of the outburst of such rocks subsequent to the consolidation of the coal measures,

Chapters 5 to 1 1 , it is surprising, that during the accumulation of the widely expanded

series of Old Red Sandstone, there should apparently have been a total cessation of the

evolution of igneous matter ; for the dykes we have just described must have been in-

truded after the old red strata were deposited. It is further well to remark in this place,

that the prevalent horizontality of the great masses of Old Red Sandstone, in the counties

1 See Map and subsequent Chapter on the Malvern and Abberley Hills.
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of Brecon, Monmouth, and Hereford, is probably due to large tracts of this region not

having been the theatre of those violent disturbances which have affected the Lower

Silurian Rocks and the coal measures.

Minerals in the Old Red Sandstone.

The Old Red Sandstone does not contain any mineral veins worthy of notice. Even

the ores of iron, which are more or less abundant in formations of every age, from the

newest tertiary down to the carboniferous deposits included, never occur in distinct

masses, though iron is the chief colouring matter, as well as cementing ingredient of all

the rocks in the Old Red System.

This poverty in metallic veins is of great interest, when connected with the almost

total absence of igneous or intrusive rocks, as just explained ; for it will be shown else-

where, that in those districts which abound with trap, both altered rocks, and metallic

veins, are of common occurrence
1

.

Throughout the whole of the great territory occupied by this System, I have met

with only two examples of metalliferous veins, which have been deemed worthy of the

slightest attention, and these are both of copper ore. One occurs at Hayton's-bent, in

the escarpment of the cornstone Hills north of Ludlow, the other in Brecknockshire.

In the first case the works, which never produced any profits, have been abandoned for one hundred

years ; and as there are no records, the only information to be derived, is from the appearances at

the mouths of the old trial shafts or galleries. From these we may infer, that the vein ran from

N.E. to S.W., or nearly parallel to the strike of the beds, which are inclined very slightly to the

S.E. Out of the refuse stuff, I collected several small specimens of green carbonate and grey

copper, in a matrix of calcareous spar running in small veins through fragments of sandstone. The

Brecon example is at Felin Fach, four miles north-east of the town of Brecon, and on the right bank

of a mountain stream which descends from the Mynidd Llandefelle. The strata here, though con-

taining no cornstone as in Shropshire, belong to the lower part of the same group, and consist of

hard chocolate- and greenish-coloured sandstones, with a granular quartzose rock, the base of which

is interspersed with bright pink grains of quartz, and a few blotches of green earth. Other bands

of greenish grit have their surfaces speckled with brown, these differences of colour being probably

dependent on the mutual presence of the silicate or the oxide of iron. The vein stuff thrown out

from the trial shafts, (the works having been abandoned,) contains much crystallized carbonate of

lime, chiefly of the primary rhomb, with sulphurets of copper and iron partially diffused through a

mass, the remainder of which is made up of scales of green earth, crystallized blende (black jack of

the miners), in very minute particles, and a little red oxide of iron.

Judging from these examples of slender and poor veins, and their entire absence in

1 See particularly the chapter on the Shelve and Cornden tract, following the description of the Silurian

Rocks in Shropshire.
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the numerous bold escarpments, deep ravines, and fine natural sections with which the

country abounds, we have inferred that the system contains no mineral ores worthy of

economical attention. The presence of these copper veins in the Old Red is curious,

as presenting an analogy to similar veins described as the chief mineral ore in the

New Red Sandstone. If it be worthy of remark that these two Systems, so dif-

ferent in age, yet agreeing so much in their predominant colour and component parts,

should contain the same metallic ores, we shall hereafter have occasion to see the phe-

nomenon repeated a third and fourth time in sandstones of the Silurian and Cambrian

Systems, the rocks in such cases being of the same red and green colours as in the

New and Old Red Systems.

Shall we suppose that these coincidences are purely accidental, or that they have

originated in a general cause? Although I have never reflected on them without

being led to speculate on the hypothesis, that some portion of the matrix, common

to all these red deposits, had been so operated on by heat, galvanic agency, or other

cause of mineralization, that copper ores have been the result
;

still, as I am not aware

that any chemist will yet venture to establish a theory founded on such data, and as

we know that similar ores occur in other countries throughout strata of grey and other

colours, as well as those of red and green, we must, I fear, remain contented with the

simple announcement of the fact, until the chemical philosopher shall more particularly

direct his powers to the subject.

As there are no metallic veins, so is there no coal in the Old Red Sandstone of this

region. I have, indeed, previously shown, that there are not the smallest hopes of ever

discovering a workable seam of coal within the area occupied by this system, because

it never contains the vestiges of any quantity of vegetable matter out of which that

mineral may have been formed 1

.

Dislocations.—Some of the most prominent dislocations of the Old Red Sandstone,

are those which appear on the northern and western edges of the south Welsh coal-field,

and in the Clee Hills ; in short, in the elevated tracts already described in the eighth

and thirteenth chapters, where the Old Red Sandstone is seen supporting the carboni-

ferous limestone and overlying coal-fields. One of the most powerful of these dislo-

cations is probably that of the Caermarthenshire Fans, described p. 164, being an upcast

of at least eight hundred feet. It has also been shown that the elevated coal tracts

which lie in basins, have been fashioned into those forms by violent dislocations which

have necessarily upturned the surrounding ledges of Old Red Sandstone, in common

with the superposed carboniferous masses. The geologist will readily understand, that

as such dislocations are generally transverse to the circular or elliptical edges of the

coal-fields, the course of the faults must vary with every change of the strike, and

1 On the borders of England and Scotland, principally on the northern banks of the Tweed, coal seams re-

occur at intervals, not only through the whole of the carboniferous system, including the mountain limestone,

but also partially beneath that formation, in the upper member of the Old Red System.

2 A
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cannot have any one prevailing direction. Minor dislocations abound in this, as in

all other old rocks, but they are less known than in the carboniferous system, because

the entire absence of mineral productions has precluded mining operations, by which

the extent of such faults is usually ascertained. The construction of new roads, how-

ever, occasionally lays them open, and a very instructive example is to be seen on

the sides of the road south of Lydney near the Severn (see PL 30. fig. 13.), marking

one of the dislocations which surround the coal basin of the Forest of Dean 1

. Other

dislocations of the Old Red Sandstone are exposed on the edges of the Abberley and

Malvern Hills (see PI. 36. figs. 1, 2, &c), and analogous phenomena will be described

in the chapters upon the Pembroke and Tortworth districts. In the mean time, I will

now direct attention to certain great outliers of the system which have escaped the

notice of previous observers.

Outliers of Old Red Sandstone—<" Forest of dun." (PL 33. fig. 1.)

The outliers of Old Red Sandstone, which I proceed to describe, are separated

from the great mass of that system by wide intervening tracts composed of Silurian

rocks. The largest of these outliers is a considerable district of nearly one hundred

square miles in superficial extent, and of which Clun Forest forms the principal part,

surrounded by the towns ofNewtown, Montgomery, Bishop Castle, Knighton, and Clun.

The eastern boundary is upwards of ten miles and its western limits more than twenty

miles from the edge of the great area of Old Red Sandstone. (See Map.) The whole

of the soil of this detached district is red, and the beds beneath it are similar to those

previously described as members of the Old Red System, whilst numerous natural

sections show, that the grey-coloured masses which surround and support it at low angles

of inclination, are the true Ludlow rocks. (See PL 33. fig. 1.) Clun Forest itself, is

principally composed of the lower group of the Old Red, consisting of hard, thin-

bedded, micaceous sandstones with argillaceous marls. These rocks are here known as

" firestones " from their power of resisting heat. They are the only good building ma-

terials over an extensive tract, and are distinguished from the grey-coloured strata of the

Silurian System on which they rest, to which the term of " greenstone
2 " is there uni-

versally applied. By traverses from Newton on the west to Knighton on the east, and

across Kerry Hill to Bishop's Castle, and to Clun, I have ascertained that most of

this " firestone " of Clun Forest represents the tilestone or lowest member of the Old

Red ; because it occupies the bottom of a large basin and, reposing upon, passes

1 This and other faults of that region have been examined in great detail by Mr. Bragge Bathurst of Lydney

Park, who has laid them down with much precision on a sheet of the Ordnance Survey.

3 " Greenstone," i. e. a perishable stone. (See note in the ensuing chapter upon the Ludlow rocks.)
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downwards into rocks containing, the characteristic fossils of the Ludlow formation.

There are, however, overlying thicker-bedded sandstones and micaceous, red and green

spotted marls, which are deeply cut into by ravines near Hall in the Forest, above New-

castle, also near Bettws, and these may be referred to the central members of the for-

mation, though I never observed any traces of real cornstone
1

. The ridge of Silurian

rocks in which the Teme rises, and which separates that river from the valley of the

Ithon, is the southern prolongation of Kerry Hill, and is composed of grey-coloured

masses,which offer numerous sections, proving them to belong to the Ludlow formation.

The strata, dipping to the east, pass under the flaggy beds of Old Red, and contain

many fossils, which, as will hereafter be shown, are characteristic of the upper Ludlow

rock, and are never found either in older or younger formations. (See tabular view,

locality, Felindre, &c.) From these beds of upper Ludlow rock, there is as true a pas-

sage upwards into the 'tilestone' or "firestone" beds, as any exhibited in Caermar-

thenshire, Brecknockshire, or Herefordshire. The passage beds near Felindre are hard,

greenish, and reddish, highly micaceous sandstone, which contain the Leptcena lata and

the Terebratula Nucula of the Ludlow rock (PL 5.), together with casts of several shells,

identical with those found in the tilestones of the Cwm Dwr, Caermarthenshire, and

which have never been found in the Silurian System below its junction with the Old

Red Sandstone. These fossils are represented in PI. 3, the lower part of which in par-

ticular, is occupied by figures of the remains occurring in the beds of passage between

the Old Red and Silurian Systems. (See subsequent description of these fossils and

some remarks thereon.) The casts of these fossils, though in a very fragile state, are

beautifully preserved, the cavity between the mass of the rock and the casts of the

shells being generally filled with a black powder, probably a mixture of silex and

iron.

The tilestone beds, (firestone,) exhibit sometimes thin layers jof matted and broken

vegetable remains, frequently in a state of impure carbon. These vegetable fragments

are found in quarries three miles north of Knighton on the road to Clun ; and at Rhyd-

cwm near Felindre. The plants are conjectured to be terrestrial, but are in too mutilated

and broken a condition to be referred to any known genera, fossil or recent.

Outliers of Old Red Sandstone in Radnorshire.

Norton.—The outlier next in magnitude to that of the Forest of Clun, is situated be-

tween Presteign and Knighton, and covers an area of about five square miles. This

1 I am indebted to Mr. Mickleburgh, land-surveyor, of Montgomery, for much assistance in laying down the

outline of this wild tract upon the map. Mr. Mickleburgh is most intimately acquainted with the diversity of

soils ; the natural drainage ; in short, with the physical geography of his native county. I have had repeated

occasions of testing this knowledge in the field, not only in the mountain tracts of the Forest of Clun, but also

in the complicated and broken districts around Hyssington and Shelve.

2 a 2
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mass is of an irregular oblong shape, being about four miles in length, from Oak Hill

on the north-east, to Norton Ruralt on the south-west, and has an average width of

about one mile and a quarter. On the north it is separated from the Old Red of Clun

by the valley of the Teme and the bold ridges of Ludlow rocks forming Stow Hill, and

on the east and south, it is completely cut off from the great area of Old Red Sand-

stone in Herefordshire, and from smaller outliers south of Presteign by other zones of Si-

lurian rocks. The hills of this outlier vary from 800 to 1350 feet in height, and

the surrounding elevations of Silurian rocks are pretty nearly of the same altitudes, Stow

Hill alone attaining a height of 1417 feet (Trigonometrical station, Holloway rocks)

.

At Reeves Hill, near the northern and north-eastern boundary, the strata occupying

ground 1200 to 1300 feet high, dip south-east twenty degrees ; at Norton in lower

situations, north-east, and at Witley, north-west ; so that the outlier occupies a basin

which is of very irregular shape, owing to the dislocations and varied directions

of the older rocks which surround it
1

. Flaglike firestones, similar to those of Clun

Forest, are largely excavated at Reeves Hill, and thick-bedded red sandstones, of tole-

rably good building quality, at the quarries above Witley. The junctions of the Old

Red with the Ludlow rocks are not often well displayed, but the latter are visible in

many places near the former, dipping inwards, and therefore supporting this insulated

mass. On the other hand there are apparent unconformable junctions, particularly

to the west of Norton, doubtless produced by the dislocations which severed this

outlier from the main tract of Old Red Sandstone, with which it must once have been

continuous. Other separate but contiguous patches of Old Red Sandstone, cover the

grey surface of the upper Silurian rocks, on the sides of the hills south of Knighton,

but they are too thin and insignificant to be noticed.

There is a third outlier of Old Red Sandstone, about half a mile south-west of Pres-

teign. This mass is of small size, merely occupying the western side of the Nash Scar

ridge called ' Lower Radnor's Wood,' and extending into the lower grounds between

that hill and Harley's Wood. The strata are there thrown up in vertical or highly in-

clined positions, with a strike from north-north-east to south-south-west, and consist of

thin-bedded, micaceous sandstone, with deep red argillaceous marl. The relations of

this dislocated mass of red sandstone to the contiguous Silurian rocks is explained in

PI. 33. fig. 2.

A fourth, and the last outlier I have occasion to notice, is also in Radnorshire, and

lies to the south-east of the last-mentioned. It is likewise a narrow stripe, but is of

much greater length than that of Lower Radnor's Wood, being continuous for about

three miles from Weythell, south of Old Radnor, to Wernilla on the eastern flank of

1 The position of the romantic cottage of Mr. R. Price, M.P., near Norton Ruralt, marks the extremity of

one of the tongues of Old Red Sandstone which, peninsulated amid the Silurian rocks, indicate the irregular

form of this outlier.
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Colva Hill. In the farms of Llanhowel and Foyce, the strata rising into a low hill are

vertical, and consist of greenish, red, and chocolate-coloured, thin-bedded, micaceous

sandstones, flanked on the east, near Gladestry, by traces of impure cornstone and

mottled concretionary marl. The direction of the ridge is from north-north-east to

south-south-west, and the Silurian rocks which flank it, are parallel and also highly

inclined.

We shall recur to the form, direction, and highly elevated position of these stripes

of Old Red Sandstone to the south of Presteign in a subsequent chapter, after the

intrusive rocks which have affected this district have been described. It is sufficient

to state in this place, that beyond all doubt, these outliers have been separated from

the chief mass of the system by elevatory forces, which erupting the igneous rocks,

upheaved the inferior strata, and caused great denudation in the overlying deposits.

Wherever these outliers occur, the agricultural surface presents a marked contrast to

that of the surrounding grey tracts of the Silurian System, being in fact repetitions on

a small scale of the large basin occupied by the Old Red System.

Agricultural Characters of the Old Red Sandstone.

The decomposition of strata so different in character as those which constitute this

system, naturally gives rise to soils of dissimilar qualities. In those high and moun-

tainous tracts which are principally occupied by the upper formation of quartzose con-

glomerate and sandstones, the soil is light, sharp, and little productive. In the corn-

stone group, on the contrary, the disintegration of calcareous nodules, and the admixture

of their component parts with the argillaceous and sandy particles of the other strata,

produce the well-known, rich, red soil of Herefordshire, in the greater part of which an

argillaceous character prevails. The most loamy of these marls afford the finest crops

of wheat and hops, and bear the most prolific apple and pear trees ; whilst the whole

region (eminently in the heavier clayey tracts) is renowned for the production of the

sturdiest oaks, which so abound as to be styled the " weeds of Herefordshire." Thus,

although this region contains no mines, the composition of its rocks is directly pro-

ductive of its great agricultural wealth.

As some of the characters here described, are also common to the lands of the New

Red Sandstone, so in that case, are the results due, to the decomposition of rocks

similar in structure to those of the Old Red ; for it has been previously indicated,

that the spotted marls and concretionary limestones of the two systems are often un~

distinguishable. (See Chapters 3 and 4.)

The concretionary limestones are so abundant, that there is scarcely any part of the

central districts of Herefordshire where lime-kilns are not numerous. But this lime,

being itself much impregnated with argillaceous matter, is not always well adapted to

the soil, particularly where the clays prevail; and hence whenever the inhabitants lie
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within reach of the carboniferous limestone, they have found that variety of lime better

suited for agricultural purposes, doubtless owing to its being less impregnated with

earthy impurities.

The tracts situated upon the lower member of the System, though not generally of

so rich a character as those of the cornstone formation, are yet not so sterile as

those of the upper sandstones, for in those districts where argillaceous matter prevails

we find stripes of valuable land. Hence* although nearly every portion of the area

coloured in the map as Old Red Sandstone has a red surface, the quality of the soil is

as various as the many-featured strata which lie beneath it
1

.

Another cause of diversity in agricultural value, though not connected always with

the Old Red System, consists in local superficial coverings of gravel and silt. In some

cases, indeed, whole tracts are sterilized by a distribution of bowlder stones and coarse

gravel, made up of Silurian and trap rocks, which have been transported from the west

and north-west; while in others the finer gravel, is the bearer of excellent crops, and

the deep red silt forms plains of rich meadow ground. These features will be further

dwelt upon in the concluding chapters, when we come to speak of the alluvial and

diluvial phenomena.

Water is found at various levels and of very different degrees of purity. In some •

of the heavy argillaceous districts, it is slightly saturated with red particles, yet I

never heard of any deleterious effects arising from its use, and where beds of cornstone

and sandstone prevail it is as clear as in any country.

1 The principal exceptions to red colour, occur at Prescot Bridge, Salop ; in parts near Bromyard, and in

certain districts of Pembrokeshire.







CHAPTER XVI.

SILURIAN SYSTEM.

W*E have at length reached those older deposits, which not having been separated

into formations by previous writers, I am compelled to describe under new terms.

Acting upon the principle which guided William Smith in subdividing the oolitic

system of our island, I have named these rocks from places in England and Wales,

where their succession and age are best proved by order of superposition and im-

bedded organic remains, and have termed them in descending order, the " Ludlow",

" Wenlock",." Caradoc", and "Llandeilo" formations. The same principle has led

me to use the general term of Silurian System for the group, to mark thereby the ter-

ritory in which the best types and the clearest relations are exhibited
1

.

Like every other mass of strata entitled to the name of System, the Silurian, though

clearly recognisable as a whole over extensive tracts, cannot always be subdivided into

those formations which are displayed in,the regions where I shall first describe it, and

where its types are fully developed. Thus, for example, where the subordinate limestones

thin out and disappear, the Ludlow deposit can seldom be clearly separated from that of

Wenlock. In such cases both these formations are included in the term of £C Upper

Silurian Rocks", and under similar circumstances the Caradoc sandstones and Llan-

deilo flags, in that of " Lower Silurian Rocks".

Simple as this classification may now appear, those versed in practical geology can

well understand what must have been the amount of examination employed in its perfect

establishment. To comprehend the extent of the break in the history of the older strata

which has been filled up by the study and classification of these rocks, the student has only

to refer to the tabular view I have prepared, and compare it with other tables framed

upon an antecedent state of geological knowledge. He will then perceive, that what

is here presented to him, as a well-ordered succession of great thickness, (each subdi-

1 The country occupied by this system embraces large tracts of England and Wales, the principal part of

which was included in the ancient British kingdom of the Silures : hence the name I have selected. See intro-

ductory chapter ;
Appendix ; and Table of Superposition. In the latter, the names of the overlying formations

are printed in ordinary characters, whilst those of the older rocks, to which new names have been assigned,

are in italics.
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vision of rocks being characterized by a corresponding suite of organic remains), was

formerly considered one assemblage, without definite sequence, and included under

the unmeaning names of greywacke or transition limestone 1
. I have already ex-

plained that the latter term has been as liberally bestowed (chiefly, however, by

foreigners) upon the carboniferous limestone, from which the Silurian rocks are se-

parated by that enormous accumulation, the Old Red Sandstone ; whilst the organic

remains of both these systems are entirely dissimilar from those of the carboniferous

sera. Referring to the introductory chapter for further explanation, let us now pro-

ceed to consider these Silurian deposits in the natural order in which they appear in

the south-west of Salop and adjacent parts of Hereford.

Llandeilo Formation. Caradoc Formation. Wenlock Formation. Ludlow Formation. 22.

Llandeilo Caradoc Sandstones. Wenlock Wenlock Lower Aymestry Upper Tilestone of

Flags. (g. and i. impure limestones.) Shale. Limest. Ludlow. Limest. Ludlow. Old Red.

Lower Silurian Rocks. Upper Silurian Rocks.

Upper Silurian Rocks.— 1st formation, ' Ludlow Rocks'. (PL 31. fig. 2. and

I.e. d. oi this wood-cut.)

The grey-coloured strata to which the name of "Ludlow rocks " has been applied, rise

from beneath the Old Red Sandstone into separate mountain ridges and occupy a large

portion of the area distinguished in the map by the light purple colour
2

. Examples of

this order of infraposition are exposed in numberless natural sections which cross this

zone of rocks between the hills near Ludlow on the north-east, and the sea-cliffs consti-

tuting the south-western extremity of Pembrokeshire, a distance of about one hundred

and fifty miles. The term of " Ludlow rocks" has been selected, because the town of

Ludlow is built upon the upper beds, near their junction with the Old Red Sand-

stone ; the neighbourhood affording great facilities for studying the other divisions of

the formation, as well as those older deposits which succeed beneath it. To the west,

north-west, and south-west of Ludlow, these rocks rise into hills, the highest of which

are about eleven hundred feet above the sea. The uppermost strata slope down into

the lower country of Old Red Sandstone, while the inferior beds are well exposed in

deeply channelled and broken escarpments. By this arrangement of the strata, and

1 See the first, or Introductory Chapter.

2 The formations composing the Silurian System are distinguished on the map by different letters, as well

as by different colours. The letter n marks the Ludlow formation ; viz. n. Upper Ludlow
;

ri. Aymestry lime-

stone ; n". Lower Ludlow. The letter o marks the Wenlock formation ; viz. o. Wenlock limestone ;
of. Wen-

lock shale. The Caradoc formation is indicated by p ; the Llandeilo by q. The double letters n + o represent

the Upper Silurian Rocks, and p+ q the Lower Silurian, where the subdivisions cannot be traced.
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their varied directions caused by elevations to which we shall presently allude, the

formation can be studied in detail, and hence we learn that it is divisible into three

parts, each distinguished by characteristic organic remains. These subdivisions I have

termed

1 . Upper Ludlow Rock.

2. Aymestry Limestone.

3. Lower Ludlow Rock.

Although a common lithological aspect and colour pervade the strata of the formation,

this triple subdivision is clearly observable throughout a large tract of Shropshire

and Herefordshire, extending in a mass of flexuous form, from Aymestry by Ludlow to

Onnibury, including the hills of Mocktree Forest ; and afterwards in a range of hills

lying between the red land of Corvedale and the straight ridge called Wenlock Edge.

The Ludlow rocks of this district will be first described, and then the older forma-

tions which emerge from beneath them.

Upper Ludlow Rock (b of wood-cut).—This subdivision of the Ludlow formation

consists essentially of thin-bedded, lightly coloured, and very slightly micaceous sand-

stones, in some parts highly argillaceous, and in others so calcareous as to assume

the character of impure limestones. When deeply cut into, these beds are of greenish

grey or bluish grey tints, but they rapidly weather to an ashen or more rarely to a

rusty-brown colour.

The upper beds, forming the downward passage from the Old Red System, are

yellowish sandstones, of a very fine grain and slightly micaceous. They are best

displayed at Ludford, Richard's Castle, and on both banks of the Teme near Downton

Castle (Tin Mill, &c), where they are extensively quarried for flags and wall-

building, and pass down into a greyish-coloured stone, of which Downton Castle is

built.

Among the fossils of these upper beds is the small Lingula cornea, (PI. 3. fig. 3.), sometimes

having the nacre of the shell preserved, with fragments of carbonized vegetables, too imperfect to

be generically determined, but probably of terrestrial origin. Small, black, polished, round bodies,

the bufonites of old authors (portions of the palates of fishes), are not unfrequent. As the Lin-

gula cornea occurs in the tilestones of the Old Red Sandstone, these strata might be also as-

signed to the same System. They are, however, beds of passage, which cannot be arbitrarily re-

ferred either to the Old Red or Silurian Systems. This yellowish rock is exhibited in several other

parts of the district, as at Ashley Moor, Linton Lane, and North Field, near Mortimer's Cross, in

most of which situations it is observed dipping under the Old Red Sandstone, and graduating

downwards into the greenish grey strata of the Upper Ludlow rock.

Sections at Richard's Castle expose these transition beds. The principal part of the village stands

upon a red micaceous sandstone, with much clay; and rising from beneath this into higher grounds

on the north-west, at an angle of about 18°, the following beds are successively laid open, either

in quarries or by the natural outcrop of the rock.

2b
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Ft. In.

a. Red and yellowish Sandstone, covered and underlaid by red shale 5 0

b. Yellowish Sandstone, somewhat micaceous (a good freestone) . 3 0

c. Ditto ditto more highly micaceous 2 0

d. Ditto ditto 4 0

e. Thin yellow flag or tilestones, with much carbonaceous matter and ripple-marks on sur-

face. In the lower part they have little mica, become blue-hearted, and pass downwards

into the greenish grey Downton- castle stone.

The manner in which these beds overlie and graduate into the true upper Ludlow

rock is well seen in the cliffs between the old and new bridges. Proceeding from east

to west, the following strata are met with in descending order.
^ ^

Yellowish and brown, flag-like, micaceous sandstone, with small Lingulai, &c, as before

described. (Ludford House is built upon them
;
they are the bottom beds of the quarry

^

at Richard's Castle, or beds of passage into the Old Red Sandstone.) 10 to 12 0

1. Downton-castle building sione
;
greenish grey, slightly micaceous Sandstone, in beds from

2 to 4 inches thick, containing a few organic remains, such as Leptatna lata 12 to 14 0

2. Fish-bed. The upper and lower parts consist of very finely laminated, argillaceous, greenish

grey sandstone, containing here and there a few fish scales, with abundance of other or-
i

ganic remains, peculiar to the upper Ludlow rock, such as the characteristic shells repre-

sented in PI. 5., viz. Leptcena lata, fig. 13. ; Orbicula rugata, fig. 11 ;
Cypricardia amy-

gdalina, fig. 2. ; Trochus helicites, fig. 5. ; Avieula lineata, fig. 10. ;
Bellerophon globatus,

PI. 3. fig. 15, with zoophytic remains 1 8 to 10 0

The beds 1. and 2. are best seen in a low cliff on the west side of Ludford turnpike gate.

The central part of this stratum, which seldom exceeds two or three inches in thick-

ness, and occasionally dwindles to a quarter of an inch, running out into thin em-

branchments, is a matted mass of scales, ichthyodorulites, jaws, teeth, and coprolites

of fishes. These, together with a few small testacea, are united by a gingerbread-

coloured cement, in which varying proportions of carbonate of lime, iron, phosphate of

lime, and bitumen, are disseminated. Many of the imbedded fragments are of a jet black

colour and high polish ; others of a deep mahogany hue. So brilliantly black are

many of the organic fragments, that when discovered, this bed conveyed the impression,

that it inclosed a triturated heap of black beetles cemented in a rusty ferruginous paste.

This bed was first made known by laying open the rock for the foundation of a house

at Ludford, and might have escaped notice without the vigilant attention of my friends

Dr. Lloyd and the Rev. T. T. Lewis. I have since traced it in other contiguous spots

in the cliffs opposite Ludlow, and Mr. R. W. Evans of Kingsland has worked out its

contents with great zeal, and has discovered other remains of fishes in the overlying

and underlying strata, to which I shall allude in the sequel. This bone bed is not

merely local, since fragments having the same structure, but of greater thickness than

i All the organic remains of the Silurian System will be described in a subsequent chapter, following the de-

scription of the fossils of the Old Red System. This arrangement, which will have the advantage of easy

comparison and reference, has indeed been rendered imperative, from the delays attending the completion of

the plates. The organic remains mentioned in the text, are afew only of the most common species.
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any at Ludford, have been found near Richard's Castle ; and there is every reason to

believe that it extends through various parts of the Ludlow promontory. Nearly all

the organic remains found in this singular little bed are figured in PL 4., and the spe-

cific characters of the ichthyolite, to which many of them belong, are described in the

subsequent pages by M. Agassiz. The coprolites will be also described in the same

place. Of these bodies, I would here only observe, that their form, colour, and asso-

ciation with fish-bones, naturally led to the opinion of their origin, which has been com-

pletely established by the analysis of Dr. Prout.

4. Fucoid Bed. This bed of greenish grey, argillaceous Sandstone is almost entirely made

up of a multitude of small, wavy, rounded, stem-like forms, which so completely re-

semble entangled sea-weed, as to induce the conjecture, that tbey must be the impressions

of such vegetables. The fucoid bed is also distinguished by containing what are supposed

to be columns of some soft zoophyte. They are frequently found in positions which seem

to throw light upon the mode of their interment ; for the columns, occasionally some inches

in length, are often found in vertical positions, and so standing up surrounded by the fine

lamina? of the rock as to suggest the idea that whilst the lower part of the animal was at-

tached, the sediment accumulated around the stem l
. (See wood-cut below.)

The columns of this zoophyte are often found on the faces of the highly inclined and vertical

joints which so prevail in the Ludlow formation, and which will be described hereafter. Most of

these remains occurring just below the bone bed, and the harder portions of them being often found

in the fossil fasces of the fishes, we are thus furnished with an additional argument in favour of the

belief, that the zoophytes may have been in their natural positions, while the fishes fed upon their

edible parts, occasionally swallowing portions of the harder columns of the animal, such as are now

occasionally found in the centre of the coprolites.

Whatever value may be attached to these conjectures, the disposition of the animal

remains, when coupled with the finely levigated nature of the inclosing sediment, tend

at all events to sanction the belief, that the period of the accumulation must have been

one of great tranquillity. Remains of analogous animals and portions of true Crinoidea,

have been detected in other layers of the formation, but they are most abundant in and

about the fucoid bed.

1 The copper-plates in which the organic remains of this formation are represented, being filled with figures

of other forms, and these fossils having been accidentally omitted, I offer a rough sketch of them in this wood-

cut. A further account will appear in the chapter on the organic remains of the formation.

23.
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The strata above described compose the highest stage of the Upper Ludlow Rocks,

which member, while it contains a few of the most common Testacea of the subdivision,

is specially characterized by the abundance of remains of fishes, which are not rigidly

confined to the " bone bed ", but are occasionally found in other layers both above and

below it.

The second stage or central mass of the Upper Ludlow Rock, is made up of strata

containing less sand and more calcareous matter than the overlying beds, mixed up

with the argillaceous paste ; and though used for building, they are, from the prevalence

of the argillaceous matter, generally prone to decomposition. When, however, used im-

mediately after extraction from the quarry, and laid horizontally, or in the direction of

the lamina?, these stones are tolerably durable, particularly when calcareous matter

prevails, some of them being even impure limestones. Though they do not furnish

flagstones, yet they are uniformly thin-bedded, the best stone when quarried never ex-

ceeding eight inches in thickness. (These strata appear in the foreground of the drawing

by Lady Harriet Clive, prefixed to this chapter, and the castle of Ludlow stands upon

them.)

The surface of the beds is sometimes covered by wavy undulating ridges and furrows,

which are occasionally crossed by little raised tortuous bands. The ridges and furrows

are supposed to be due to the rippling action of waves, when the bed formed the surface-

bottom of the sea, and while the sediment was soft. The smaller transverse bands so

much resemble the marks made by animals which live at present in sandy shores, as to

induce the belief that many of the marks on these ancient rocks may have had a similar

origin. It is chiefly in this portion of the Upper Ludlow Rock that the best testaceous

and crustaceous remains are found, usually preserving all the sharpness of their form,

and frequently exhibiting the remains of the original shell. Besides the Leptana lata,

Cypricardia amygdalina, Orbicula rugata, and Avicula lineata, already mentioned as

occurring in the superior strata, these beds contain also many other shells, of which the

Orthis orbicularis and O. lunata PI. 5. figs. 15 and 16, Terebratula Nucula fig. 8, are the

most characteristic. We here see, and in abundance, the very peculiar form Serpuloides?

longissima PI. 5. fig. 1, often extending itself in segments of large circles ; and also two

species of the Homalonotus, that singular genus of crustaceans, hitherto noticed only

in the Ludlow formation, Homalonotus Knightii (Konig) and H. Ludensis nobis PI. 7.

figs. 1, 2, 3 and 4. Orthoceratites are abundant, particularly Orthoceras striatum PI. 5.

fig. 27. Some beds contain a small species of Turbo (T. corallii), so named because it

is frequently invested by a small coral (Favosites fibrosa, Goldfuss). I shall show in a

subsequent chapter to what great distances this shell and Turbo carinatus fig. 28. are

found associated with the same coralline envelope.

The third or lowest stage of the Upper Ludlow Rock is distinguished from the over-

lying mass in being more argillaceous, less micaceous, and by occasionally running into

large spheroidal concretionary forms. Being very slightly coherent and easily decom-
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posing under atmospheric influence, it is well entitled to the name of "mudstone," which

in other tracts is applied to large masses of upper Silurian rocks 1

. Like all the mem-

bers of the Ludlow formation, these beds are traversed by many joints, more or less

vertical, which will be described under a separate head. They are mentioned here to

show, that their highly inclined or vertical faces are often marked by lines of small, round,

or elliptic cavities (like swallow holes), from three to five inches long, and from one to

two inches high. These cavities have clearly once been concretions which ranged

along the lines of deposit like the flints in chalk, but in this case, unlike the pure and

indestructible flint, the matter of which they have been composed, consisting entirely

of a sandy clay, has separated from the harder portions of the rock, and has more easily

disintegrated. These beds are less abundantly charged with organic remains than the

overlying stages before described, though we meet at intervals with an orthoceratite or

one of the above-mentioned characteristic fossils. The lowest stratum, however, of the

upper Ludlow is very remarkable, being absolutely loaded with a vast number of small

Terebratulse of a gryphoid form, named Terebratula Navicula, PI. 5. fig. 17. This shell

is seen in abundance in the escarpments at the View Edge, Mocktree Forest, Downton

on the Rock, at various places around the Ludlow promontory, and at Aymestry, always

occupying the lowest portion of the Upper Ludlow Rock, and forming the cap of the

calcareous zone of Aymestry. In some sections, these terebratulite beds attain a thick-

ness of thirty to forty feet. This shell is of great geological value, as we shall see

hereafter, being extremely persistent, and marking always the same horizon even to a

distance of nearly one hundred miles. The beds which it occupies are sometimes so

calcareous, and pass so naturally into the Aymestry limestone, that they may in all such

cases be grouped with that rock.

Aymestry Limestone.—(PL 31, figs. 2, 3, 4 & 5. and c. of wood-cut, p. 196.)

(See Vignette, chap. 20.)

The central member of the Ludlow Rocks is a subcrystalline, argillaceous limestone,

which might have been termed the Ludlow Limestone ; but as there are few good examples

near that town, I have preferred naming it after the beautiful village of Aymestry, where

the rock is fully and clearly laid open, and where its fossil contents have been elabo-

rately worked out by my friend the Rev. T. T, Lewis 2
. It is there arranged in beds

' See note, page 204.

2 The application of his leisure hours to the cultivation of the natural history of his neighbourhood may one

day enable Mr. Lewis to confer upon Aymestry the celebrity which White has bequeathed to Selborne. Although

this Aymestry limestone is splendidly exhibited in the narrow gorge of the Teme, under Downton on the Rock,

in the picturesque demesne of Mr. Thomas Andrew Knight, that place could not have been selected for the name
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from one to five feet thick, dipping to the south and south-east at slight angles ; the

laminae of deposit being marked by layers of shells and sometimes of corallines. When
quarried into, the rock is of an indigo or bluish grey colour, in parts mottled by the

mixture of white carbonate of lime, both crystalline and compact. The quarries, like

those in all the other rocks of the Ludlow formation, present natural backs more or

less vertical, usually coated by a dirty yellow or greenish shale. The faces of these joints

usually exhibit lines of small cavities similar to those already described in the upper

Ludlow rock. When first laid bare in quarries, they have often a weathered aspect,

which we may account for by supposing that they have for a long time been permeable

to water.

This limestone constitutes the prominent and frequently the highest part of the

escarpment of the Ludlow formation, in those hills which, beginning at Sutton near

Wenlock, rise into the elevated ridges extending by Larden and Siefton to Mocktree

Forest. It also forms the highest edges of the opposite escarpments of the Ludlow

promontory. (See PI. 31. fig. 5.)

Throughout this range, these calcareous beds are variously inclined according to the

positions into which the Ludlow formation has been thrown. The prevailing inclination

is small, but there are many marked exceptions to this arrangement, particularly around

the Ludlow promontory. These will be more specially alluded to in the nineteenth

chapter, when the dislocations of the strata are described.

In nearly all the quarries situated between Norton Camp and Aymestry, the rock

is charged with a profusion of that remarkable shell called the Pentamerus Knightii.

(PL 6. fig. 8.) This species is confined almost exclusively to the limestone of this sub-

division, having never been found in the Upper, and very sparingly in the Lower Ludlow

Rock 1

. The following fossils also characterize the calcareous zone: Lingula Lewisii, PI. 6.

fig. 9 ; Terebratula Wilsoni, fig. 7 ;
Bellerophon Aymestriensis, fig. 12 ; Avicula reticulata,

fig. 3 ; and the corals Favosites Gothlandica, &c. These fossils, with the Atrypa affinis

(Terebratula affinis, Min. Con.) PL 6. fig. 5, serve to mark the course of the central

subdivision of the Ludlow formation where the Pentamerus Knightii disappears. I

have before observed that the cap of the limestone is charged with the Terebratula

Navicula (PL 5. fig. 17.).

In the range of hills north of the river Onny, this limestone is principally worked at Dinchope

and at Norton Camp. At the former place it appears as several undulating and disrupted masses,

of the limestone without producing confusion, since in the same district there is another place called Downton,

the seat of Sir W. Boughton, Bart., which, as we have seen, is the site of limestones in the Old Red Sand-

stone. The Aymestry limestone, as will hereafter be shown, occurs at Sedgely in Staffordshire, where it is

largely used ; but a name derived from a distant outlier, the relations of which could not have been established

without the evidences we are now considering, is quite inadmissible.

« A single specimen of this shell has been detected in the Wenlock limestone of Nash, near Presteign, by

Mr. Davies. (See chapters on Radnorshire and the organic remains.)
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the beds dipping to the south-east and west-south-west at angles varying from ten to twenty-five

degrees. The Pentamerus Knightii does not occur here, but the prevalent associated fossils, such

as Lingula Lewisii, Terebratula Wilsoni, and others, are abundant. In Norton Camp, the lime-

stone occupies a bold scar on the left bank of the Onny, the crest of which is about seven hundred

feet above the river, in which position it forms an escarpment capping the lower Ludlow Rock

;

whence dipping to the south-east at an angle of 12°, it passes beneath the upper Ludlow Rock near

Onnibury. The Pentamerus Knightii, though of rare occurrence to the north of the Onny, has

been detected in the limestone of Norton Camp, associated with a few crinoidal stems, the Productus

lineatus, &c.

In the View Edge, the cliff on the south bank of the Onny and opposite to Norton Camp, the

limestone on the contrary is loaded with Pentameri, the shells packed closely together in a mass of

limestone from nine to ten feet thick. Throughout its range, extending from this picturesque cliff

to Aymestry, a devious and broken course of twelve or fourteen miles, the rock is everywhere

characterized by the presence of the same beautiful fossil. Instructive sections are displayed

at Goat's Hill, Shelderton, and Mocktree Hays, where masses of limestone, varying in thickness

from fifteen to fifty feet, are uniformly [capped by the terebratulite stratum, and repose upon

the argillaceous beds of the lower Ludlow Rock. The new road from Ludlow to Leintwardine,

traversing this escarpment, lays open a fine example of the limestone, which is there much worked,

and has afforded the largest specimens of the Pentamerus Knightii yet found. In the gorge of the

Teme at Downton on the Rock, the limestone is still better displayed in a vertical cliff, the beds of

which dip at an angle of about tweuty-five degrees to the north. The calcareous mass at this spot

has a thickness of at least fifty feet 1
. The limestone can be further traced all round the inner edge

of the great promontory of Ludlow. In Brindgwood Chase and Whitcliffe, it is only a thin band,

which, turning round by St. Mary's Knoll, reappears in Sunny Hill Bank, and on the slope on

Hanway Common, at the Bone Well, and at Palmer's Cairn. On the south-eastern face of this

promontory it is thrown up into a double ridge, the inner one extending from the High Vinnall to

Gatley Coppice, the outer continuous from the Palmer's Cairn to the Whiteway Head, and Croft

Ambrey, and thence to the gorge at Aymestry by which the Lugg escapes into the plains of Here-

fordshire. At Aymestry it occupies both banks of that river, but it is chiefly quarried on the right

bank and close to the village. The zone of limestone is not traceable for more than one mile to the

south-west of Aymestry, where it thins into a narrow band and disappears beneath the mass of

upper Ludlow Rock in the Hills of Shobden.

In their range over other and distant districts, the strata occupying the centre of the

Ludlow formation are seldom sufficiently calcareous to be burnt for lime, and with the

disappearance of the lime we lose the presence of the Pentamerus Knightii. The place,

however, of this band is often clearly marked by the constant occurrence of the other

associated fossils, particularly the Terebratula Nucula, the Terebratula Wilsoni, the

Lingula Lewisii, &c. At Sedgeley in Staffordshire, however, where the rock again

appears in a highly calcareous form, it will be shown to contain the Pentamerus Knightii

of this western region.

> Large and massive blocks have been extracted by Mr. T. A. Knight, of Downton Castle, some of which

have been polished as marble.
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The Aymestry limestone differs in lithological aspect and useful properties, from any

overlying or underlying calcareous rocks, being infinitely less crystalline and pure than

the mountain or carboniferous limestone, and inferior in quality, though not in the

same degree, to the lower limestone of Wenlock. Again, the Aymestry rock, partaking

of the predominant character of the Ludlow formation, is for the most part flat-bedded,

and is, on the whole, much less concretionary than the limestone of Wenlock. Its

earthy character renders it, however, of very great value as a cement, particularly in

subaqueous operations, and in ceiling and plastering, the mortar which is made of it

setting rapidly under water. I have not observed any simple minerals in the Aymestry

limestone, except crystals of carbonate of lime, and very rarely of sulphate of barytes.

In the dislocated quarries on Mocktree Hays, and also at Aymestry, black siliceous

and cherty matter sometimes penetrates the interior casts of the fossils.

Lower Ludlow Rock. (PI. 31. fig's. 2, 3, 4, and 5. and d. of wood-cut p. 196.).

The strata distinguished by this name are seen in the lower parts of the escarpments,

underlying the Aymestry limestone. They differ from those of the upper Ludlow Rock,

in being more argillaceous, less sandy and calcareous, with rarely a trace of mica.

They constitute, in fact, a great argillaceous mass, strictly entitled to the provincial

name of "mudstone 1 ." The colours vary from light to dark grey and black; but

whatever may be the tints of the rock when first quarried, it usually weathers to the

same light ashen colour which is seen all over the surface of the Upper Silurian Rocks.

The beds immediately beneath the Aymestry limestone, are occasionally wrought for

flags, being sometimes slightly calcareous, and rather more sandy than the remainder

of the subgroup. Quarries of these flagstones may be seen at the Garden House

quarries near Aymestry, and in the hills east of Leintwardine, Mocktree Forest, &c,

and at which places they are called " Pendle " by the workmen. This flaglike structure

is due to fine lamina? of sandy matter separating the argillaceous layers. Occasionally

these flagstones are separated from the overlying Aymestry limestone, by courses of a

saponaceous clay (in many instances a complete fuller's-earth) , of a yellowish white

and grey colour, which is commonly known throughout Herefordshire and the adjacent

counties under the name of " Walker's earth, or soap," and is sometimes used by the

country people for cleansing purposes. Beds of this " Walker's 2 earth" are not in-

1 In the Abberley hills and at other places, the rocks of this age and character are called mudstones, from

their tendency to dissolve into mud. In the south-western parts of Salop, and adjoining parts of Montgomery-

shire, they are termed gi^eenstones. In a third district, they are known as waterstones. The most expressive

of these provincial names is mudstone. In the sequel it will be shown that this term is generally applicable to

the Upper Silurian Rocks.

2 " Walker Erde ", the German of fuller's earth, is evidently the origin of this provincial name. A Walk,

or Walker's Mill, is still used occasionally instead of Fuller's Mill; hence "Walker's Earth," or "Walker's

Soap."



LOWER LUDLOW ROCK. 205

frequent in other parts of the Upper Silurian Rocks, particularly in the Wenlock shale;

and it will afterwards appear, that from their saponaceous qualities the surfaces of

these beds have frequently aided the slipping of superincumbent masses of rock. (See

Chapter 20.) The central and lower strata afford no good stone, and are often dis-

posed in large sub-concretionary masses which frequently break into shivery fragments.

The same strata often contain smaller concretions of black argillaceous limestone,

varying in size from a few inches to three feet in diameter. These calcareous nodules

are strikingly analogous to the cement stones or concretions of the lias, and other cal-

careo-argillaceous formations, and are frequently formed around an orthoceras, or some

other organic body. Vertical or highly inclined joints occur throughout, the direction

and inclination of which, like those alluded to in the upper Ludlow, vary with the

changes in the strike of the strata. Nearly every quarry affords examples of these joints

or backs. (See Chapter 20.)

The steep escarpments of any of the hills west of Ludlow expose the outcrop of the

strata composing this subdivision. They dip under the Aymestry limestone and upper

Ludlow Rock, and the same relations can be equally well studied in numerous localities

at the back of Mocktree Forest, Shelderton Hill, descending to Clungunford 1

, and in

Leintwardine Hill upon the north side of the new road between the limekilns and the

village below. In the inner or elevated portion of the Ludlow promontory, where the

strata are much dislocated, (see subsequent chapter,) the detailed relations of the beds

are well revealed, as in the deep comb called Mary Knoll Dingle. I may also particu-

larly cite a section offered on the sides of a deeply worn lane which ascends from

Elton to the high grounds of Evenhay, a prolongation of the ridge of Gatley Coppice.

Here we see the Aymestry Limestone in the cap of the hill dipping south-south-east 15°,

and underlaid by seams of Walker's Earth, and pendle or naglike beds, with Orthocerata

both large and small : argillaceous beds succeed, containing, here and there, concre-

tions frequently of an oblate spheroidal form, of black or dark grey, compact, argilla-

ceous limestone, which have been formed around organic remains (Orthoceratites,

Trilobites
2

,
&c.) . These are underlaid by clay and friable stone bands, with other fossils,

including the chain coral, Calamopora, and beneath are lower hillocks, which are oc-

cupied by the underlying limestone of Wenlock. The Garden House quarries near

Aymestry, expose excellent sections of apart of this subgroup, and the fine vertical cliffs

on the left bank of the Lugg, between Aymestry and Deerfold Chase, are also com-

posed of it.

1 The geologist who may examine this tract cannot observe a more instructive section of the middle and lower

members of the Ludlow formation than that which is laid open on the sides of the rugged road which descends

Shelderton Hill. The hospitality of my kind friend, the Rev. J. Rocke, whose house, of Clungunford, is near

the base of the hill, enabled me thoroughly to examine this section.

2 In company with the Rev. T. T. Lewis, I counted forty fragments of the Asaphus caudatus in a single

nodule.

2 c
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The organic remains of the lower Ludlow, are upon the whole very different from

those of the upper Ludlow Rock and Aymestry limestone ; for although a few species

of shells are common to the whole formation, this lower division is strongly marked by

the presence of many peculiar remains, including two new genera which have not yet

been observed in any overlying stratum ; viz. the conchifer Cardiola, and the chambered

shell Phragmoceras 1
. (Cardiola interrupta, PI. 8. fig. 7, and Phragmoceras nautileum,

PI. 10. figs. 2 and 3.) These with the large Othoceras, 0. filosum, PI. 9. fig. 3; the

singularly shaped Orthoceras, 0. pyriforme, PI. 8. figs. 19 and 20; the great Lituites,

L. giganteus, PI. 11. fig. 4, and the Graptolites Ludensis, PI. 11. fig. 8, are peculiar and

distinguishing fossils. The well-known Trilobites Calymene Blumenbachii, and Asaphus

caudatus, Pi. 7. figs. 5 and 6, also abound, but these fossils are equally found in the

Wenlock limestone. The small, serrated Graptolite of Linneeus, is very abundant in

the ancient rocks of Sweden and Norway. The species above referred to being charac-

teristic of the upper Silurian group, and common in the lower Ludlow rock, I have

named it G. Ludensis. When first discovered in this country these bodies were supposed

to be fucoids, but when examined by botanists they were discarded from the vegetable

kingdom. Their true nature was afterwards pointed out to me by an eminent Danish

naturalist, Dr. Beck, who after an attentive examination of several varieties found in

rocks of the same age, proposes to describe them as zoophytes, bearing an analogy to

some of the family of sea pens.

Here again the analogies and habits of this race of animals, as in the example of the

zoophyte of the upper Ludlow rock, (p. 199,) accord completely with the nature of the

surrounding sediment ; for as the modern animals to which they are perhaps most

nearly allied, live in mud and slimy sediment, so wherever these fossils occur, the rock

is a finely levigated mudstone, which from its structure must have been tranquilly de-

posited.

In concluding the account of the Ludlow formation in this district, I may remark,

that it is as void of simple minerals or veinstones as it is rich in organic remains. With

the exception of crystals of carbonate of lime, which occur in rocks of nearly all ages,

I am acquainted with no minerals beyond a very little iron pyrites and some thin strings

of galena, one of which I observed in the bed of a brook near Larden in the upper

Ludlow, another was detected in the same rock at a depth of sixty feet beneath Ludlow

Castle. Besides the small nodules of iron pyrites noticed in the upper beds at Ludford,

the same mineral is found occupying the place of the septa of the Orthoceratites which

occur in the spheroidal nodules of the lower Ludlow rock.

Probable thickness of the Ludlow Formation.—The reasons which induced me to hesi-

tate in estimating the thickness of the Old Red Sandstone, ought perhaps to prevent

my attempting to calculate the exact dimensions of the Ludlow Rocks. We can, how-

1 These new genera have been named by my friend Mr. Broderip, to whom on all questions connected with

the comparison of fossil with recent genera I am under deep obligations.
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ever, make a sufficiently close approximation ; for no one can pass along the banks of

the river Teme in the gorge at Downton, without perceiving that the upper Ludlow Rock

alone, as interposed between the flaglike junction beds of the Old Red Sandstone near

the Tin Mill, and the Aymestry limestone at Downton on the Rock, is many hundred

feet thick ; for in proceeding from east to west, the observer rapidly passes over suc-

cessive strata, presenting themselves in separate ledges, and rising from beneath each

other at gentle angles of inclination. The thickness of the Aymestry limestone is

easily calculable, as the whole face of the rock is frequently exposed in one mass.

Again, the escarpments of Mocktree Forest, Mary Knoll, &c, afford excellent data for

measuring the dimensions of the lower Ludlow Rocks, as lying between the Aymestry

and Wenlock limestones, and leave little doubt that this subdivision is quite as thick

as the uppermost. We shall not therefore exaggerate in estimating the total thickness

of the Ludlow formation at about 1500 feet.

2 c 2
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CHAPTER XVII.

UPPER SILURIAN ROCKS (continued).

2nd Formation "Wenlock Limestone," Equivalent "Dudley Limestone" (See

Map and PL 31. figs. 2, 3, 4 and 5, and e and/ of wood-cut, p. 196.)

THE Ludlow rocks occupying the chain of hills between the Onny and the Severn are

succeeded on the north-west by a sharp rectilinear ridge, near twenty miles in length,

called " Wenlock Edge." The strata of which this ridge consists rise at a slight angle

from beneath the Lower Ludlow Rock ; the inferior portion of the latter being soft,

has been so denuded as to form a valley between the harder masses of Ludlow rock on

the one side, and Wenlock limestone on the other. These relations are distinctly seen

in the form of the country as represented in the vignette at the head of the chapter.

a The high ridge of upper Ludlow rock and Aymestry limestone. b The Wenlock Edge, the intervening valley having

been excavated in the lower Ludlow shale. c The valley of the Wenlock shale.

The Wenlock limestone is in every respect identical with the well-known rock of

Dudley, and contains the same organic remains. Here, however, it exhibits relations

to the superior and inferior strata which do not exist at Dudley, and hence the name of

" Wenlock " has been preferred
1

.

1 At Dudley, as will hereafter be shown, the limestone being abruptly protruded through the coal measures

without the great connecting links of Ludlow rocks, Old Red Sandstone, and carboniferous limestone, no

evidence whatever can there be obtained to prove its place in the geological Series ; in Shropshire, on the con-

trary, a clear order of superposition exhibits all the passages and relations required, establishing the place of
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This formation differs from the rocks above and below it, in containing thick masses

of a crystalline and subcrystalline limestone, highly charged with corals and encrinites.

In parts, indeed, the latter are so abundant, that the rock on a superficial glance might

be mistaken for the mountain or carboniferous limestone; an examination, however,

shows that the crinoidal remains, and the other fossils contained in the Wenlock lime-

stone, are distinct from those of the Carboniferous System. Further, the strata are

constantly arranged in concretionary masses, which are separated from each other by a

vast predominance of argillaceous matter, an arrangement rarely, if ever, perceptible

in the limestones of the carboniferous series.

The formation is naturally separable into two divisions, the upper calcareous, the lower

highly argillaceous, with a few calcareous concretions. The first of these occupies the

summit and slopes of the Wenlock Edge, the second appears in the escarpment and is

spread out on the north-west in a longitudinal valley running parallel to the Edge. Let

us first examine the upper or calcareous zone in the neighbourhood of Wenlock, where

it is most expanded, and then follow it in its prolongation to the north-east and south-

west to the banks of the Lugg.

Wenlock Limestone. (<?. of wood-cut p. 196. and PI. 31. figs. 2, 3, 4, and 5.)

The chief calcareous strata of this formation are overlaid and underlaid by a number

of small concretionary nodules of grey argillaceous limestone, running in layers and

held together by a matrix of shale, which weathers to an ashen or yellowish green co-

lour, whilst in some places the nodules unite and form irregularly thin-bedded, lenticular

limestones. Both these varieties are exposed in beds above and below the principal

masses of limestone in many quarries on the summit and south-eastern slopes of Wen-

lock Edge, and by the sides of the roads which traverse that ridge. In the Gleedon

Hills, north of Wenlock, where the calcareous zone is most expanded, the strata undu-

late, and thick beds of impure concretionary limestone are exposed in the central and

more solid masses of the rock.

To study the connexion of this upper subdivision of the Wenlock limestone with the lower

Ludlow rock, we must follow the south-eastern face of the Wenlock Edge till it is flanked by the

parallel chain of hills of the Ludlow rocks, as expressed in the opposite wood-cut, and we then per-

ceive, that for many miles, the highest beds of the limestone rise up conformably, and for the most

part at small angles of inclination, from beneath the lower shale of the overlying formation. At

Presthope, courses of lenticular limestone, made up of irregularly flattened concretions and alter-

nating with light- coloured shale, rise from beneath the lower Ludlow rocks, and pass down into a

the Wenlock limestone to be at least 1500 feet below the base of the Old Red Sandstone. (See section, PI. 31.

fig. 2, 3, and 4.) Whilst, therefore, the type of the formation, like that of those above and below it, is derived

from examples in Shropshire, any peculiarities in these rocks at Dudley and other places will be mentioned in

separate and subsequent descriptions.
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hard, blue, subcrystalline, thin-bedded, limestone. Some of the flattened nodules are concreted

around nuclei of black chert.

Near Easthope the uppermost strata put on a different lithological aspect, becoming a marble of

red and dull green colours, which has been a little worked for ornamental purposes. The red-

coloured portion is composed of broken stems of encrinites and small corals ; and the dull green

colour is due to an intermixture of very argillaceous limestone. Beds of this description are ex-

ceptions to the prevalent concretionary characters of the upper portion of the limestone which are

persistent over considerable areas. In those situations, however, where the formation is little de-

veloped, the thicker and central limestone having thinned out, it is only by such nodules and their

associated fossils, that the place of this formation can be traced.

The central or chief calcareous masses are of very irregular thickness and dissimilar

appearance. In certain quarries they consist of regular beds of argillaceous limestone,

separated by way-boards of shale, which enters into all the crevices and depressions of

the limestone; and occasionally is even more abundant than the calcareous matter.

This earthy aspect, and the prevailing dingy ashen or greenish yellow to which the shale

weathers, is one of the most striking external characters of this rock. In other quarries

all traces of bedding are wanting, and the whole calcareous mass is made up of con-

cretions, sometimes of immense size, surrounded by beds of shale and impure limestone.

Examples, both of regular bedding and concretionary structure, are frequently exhibited

in the same locality. When the limestone lies in regular beds it is generally more or

less impure and mixed with argillaceous matter, but when arranged in concretions it is

purer and more crystalline. These large concretions are called " Ball-stones " by the

workmen, to distinguish them from the common beds, which they term "measures."

25.

This wood-cut represents the order of the beds to the north of Wenlock. a Upper beds of lenticular limestone with

nodules. b Chief mass of limestone with ball-stones. c Shale with small concretions.

The colour of the rock is usually dull grey, but the crystalline varieties are sometimes

dark blue, and more rarely pink, the mass being freckled with veins and strings of white

crystallized carbonate of lime. The same number of calcareous beds is not continuous

over a large area. At Lincoln Hill, for example, where the limestone in the chief

quarries is inclined at about 55° and 60°, we have the upper and lower suite of small

concretionary beds, and the central system of purer thick-bedded limestone, having a

thickness of about forty or fifty feet, but the best beds not exceeding in amount twenty

to twenty-five feet. In these the workmen distinguish an upper and a lower limestone.

These masses present the edges of distinct beds at the escarpment, but on descending

into the subterranean quarries the lines of separation often disappear, and the whole of

the calcareous matter unites at such points into large concretionary lumps or '

' Ball-
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stones
1 ." Where these concretions are prevalent, the strata undulate or are contorted

as expressed in the preceding wood-cut. The succeeding wood-cut represents the old

quarries at Lincoln Hill, where the limestone was extracted by being hauled up the

inclined plane of the strata, and will convey some notion of these undulations or con-

tortions. They have, I conceive, for the most part been formed during that process

of solidification or crystallization which gave rise to the concretions of the limestone,

and cannot be considered as resulting from the dislocations by which this tract has

been agitated, for such concretions enter intimately into the structure of the Wenlock

limestone
2

.

26.

Old quarries at Lincoln Hill (Iron Bridge). The dark shades indicate the places from whence the concretions or ball-

stones have been extracted. On the right hand b are the overlying coal grits (see p. 105.).

As we advance, from the gorge of the Severn to the south-west, the calcareous matter

rapidly expands (see Map), particularly near Tickwood and Gleedon, where the lime-

stone spreads over a width of upwards of a mile, occupying two promontories, extend-

ing between Wyke and Buildwas, in which much ball-stone is exposed. In one quarry

recently opened (called the Yell), the small concretionary beds dip on the one side to the

north, on the other to the south-east, and the centre of the hill consists of one massive

ball-stone, which when I visited the spot, was laid bare to the depth of about eighty feet!

the surface alone being covered with a few thin nodular beds 3
.

1 These are much preferred as a flux for the iron ore to the other impure and argillaceous beds.

5 Mr. Prestwich assures me, that in the deepest recesses of these limestone galleries, the undulations, being

at first gradual, increase with the depth, until at about eighty yards from the surface they present a series of

very slightly curved arches about twenty yards long, separated by rapid, step-like descents of four to six yards

each ; but all these lines, however curved, are unbroken.

3 The exact width of this mass of ball-stone had not been proved when I last visited these quarries, but it is

doubtless very great, and must be of considerable value on account of its superior quality and accessible position.



212 WENLOCK LIMESTONE, (LOWER PART OR SHALE.)

Similar massive concretions, and of equal value, are exposed in the contiguous

quarries of Bradeley ; and the whole of the calcareous rocks around Gleedon also con-

sist of crystalline concretions, of greater or lesser size, subordinate to thin argillo-cal-

careous beds. Some of the argillaceous matter is here of peculiar tenacity and of a

white colour resembling pipeclay. Another remarkable ball-stone (not yet consumed

by the lime-burners,) lies to the south-west of Wenlock, and is called "Ippikin's rock."

It constitutes a boss, the summit of which is about four or five hundred feet above the

valley occupied by the Wenlock shale. The rock itself has a vertical face of fifty or

sixty feet, which is partially fissured, and presents an entrance into a small cavern 1

.

It is a mass of crystalline limestone, the edge of which, as in the examples previously

mentioned, is in abrupt contact with the ends of the surrounding strata.

The central and massive portion of the Wenlock formation, thins out rapidly to the

south-west of Easthope, and although limestone is worked at various places along the

crest of the south- western extremity of the edge, the largest nodules only are selected for

use. Between the gorges of the Onny and the Teme, the line of this calcareous zone

is marked by a few quarries, containing the small concretions only, the strata being

much denuded in the low grounds of the valley extending by Clungunford to Leint-

wardine, but in the neighbourhood of the latter place the limestone re-appears through

the surrounding shale near Clifton Ford Bridge. From this point it ranges distinctly

around the interior of the Ludlow promontory, forming an inner and lower ridge, or

rather a succession of bosses, the beds of which dip beneath the overlying escarpment.

(PL 31. fig. 5.) It appears in like positions at the base of the escarpment of the Ludlow

formation at various places near Aymestry, and is fully developed between Wigmore

and Dickendale, and again on the banks of the Lugg near Kinsham.

In these situations it is made up of concretions, varying in diameter from two inches

to two feet, which are abundantly charged with fossils, particularly corals. The nodules

differ much in lithological structure, the smaller consisting solely of dull, grey, argilla-

ceous limestone, whilst many of the larger are made up of white crystallized carbonate

of lime,

Wenlock Shale.—Synonyms "Dudley Shale." (/. of wood-cut, p. 196.)

The lower part of the Wenlock formation, as already stated, consists of a great de-

velopment of dull, argillaceous shale, rarely if ever micaceous, and contains here

and there, a few concretions of very impure, argillaceous, limestone. In colour, aspect,

and want of cohesion these strata are nearly identical with those of the lower Ludlow

rock, and they constitute the base of the Upper Silurian or " mudstone " rocks 2
. The

1 This cavern, tradition says, was formerly inhabited by a person of the name of Ippikin. It has been re-

cently examined at my request by my zealous young friend Mr. R. W. Evans, to ascertain if it contain the

remains of cavern animals. The result will be communicated in the concluding chapters.

2 The miners of the coal-field of Coal Brook Dale apply the name of "Die Earth" generally, to any beds of
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superior strata of this shale are well exposed at the escarpment of Lincoln Hill, and they

occupy the whole of Coal Brook Dale, properly so called, where they are cut through

by the road which leads to Wellington, the coal-measures resting on their highly in-

clined strata. The same beds are equally well seen all along the escarpment of the

Wenlock Edge, where they dip beneath and pass up into the lower nodular beds of the

limestone. In some places the laminae of deposit are indicated by large spheroidal

forms. In the central portions the shale is very incoherent, and where it has been

exposed to the atmosphere and not preserved by cappings of the harder limestone, it

has been much denuded. This incoherent structure has invariably led to deep denuda-

tion, which in this tract is indicated by the longitudinal valley extending from the

Severn to the Onny, in a line parallel to the Wenlock Edge, and between that ridge

and the Caradoc Hills. Similar valleys are seen at the back of the escarpment of the

Ludlow promontory, and indeed wherever this sobformation is exposed.

Towards the base of this shale are sometimes courses of very impure limestone, which

have a lenticular or rather brick-shaped form. Such beds occur in the slopes of the

hills above Buildwas. Some of the spheroidal, argillo-calcareous concretions present

when broken, an internal structure similar to the well-known " cone in cone " of the

lias shale, the cones being frequently made up of dark-coloured crystalline carbonate of

lime in an argillaceous paste
1

. Similar nodules, of the size and form of large loaves of

bread, are sometimes found on the surface of the hills as we approach the Wrekin, and

the same have been recently detected
2
near Cound, where they are included in the

shale, which covers the Caradoc sandstone.

The shale is usually succeeded by sandy, calcareous bands, charged with peculiar

fossils ; but as in most cases they rise up in separate ledges reposing upon, and passing

into the Caradoc sandstone, I have preferred to include them in that formation. As a

general rule, therefore, we consider the upper Silurian rocks to have their natural base

line, where the soft Wenlock shale ceasing, harder strata, for the most part sandy, but

sometimes calcareous, begin to rise out from beneath them.

It is perhaps more difficult to calculate the entire thickness of the Wenlock forma-

tion than that of the Ludlow rocks, since many of its lower strata are much denuded

and ill exposed. The limestone in the vicinity of Wenlock, including all the superior

and inferior nodular strata, cannot have a less depth than two hundred feet : it possibly

may in some parts amount to three hundred ; and the thickness of the lower shale,

the Silurian System which they meet with below their coal measures. If this term had been strictly limited

either to the shale above or to that below the Wenlock limestone, it might have been retained in geological,

nomenclature ; but it cannot be used, because the carboniferous deposits of that tract rest on various members

of the Silurian System, and hence the " Die Earth " beneath one shaft refers to the upper or lower Ludlow rock,

beneath another to the Wenlock shale.

1 In shale of this age in Montgomeryshire some of the nodules contain crystals of quartz mixed up with those

of carbonate of lime, small flakes of anthracite, &c, and various organic remains. (See chapter 24.)

2 On a farm of the Rev. Dr. Butler, now Bishop of Lichfield.

2 D
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seeing the width over which it has extended, must exceed seven hundred feet ; so

that we shall not exaggerate in assuming a thickness of one thousand feet for the whole

formation.

Minerals.—The simple minerals hitherto observed in the Wenlock limestone of Shropshire, con-

sist of crystallized carbonate of lime in many forms, sulphate of barytes (rare), sulphurets of lead 1

and iron, peroxide of manganese in small quantities, crystals of copper pyrites (sulphurets), and

bitumen. The copper pyrites and bitumen are found in veins associated with white calcareous spar

lining the interior cavities, joints and fissures. When I first examined them at Lincoln Hill, I

thought they might, like many other metallic veins, communicate downwards with fissures, con-

nected with deeply-seated subterranean agency. Subsequent examination of some of these veins

exposed in the quarries of Bradeley Field, near Wenlock, has, however, convinced me, that many

of them are veins of segregation, which were formed when the calcareous matter was consolidating

and assuming its present concretionary structure.

The limestone at Bradeley is crystalline, dark-coloured, and where not interfered with by hail-

stones arranged in thick beds having a slight inclination. When deeply cut into, short veins are

exposed, which are clearly seen to terminate both above and below. These are filled with white

calcareous spar, penetrated by separate crystals of copper pyrites. Other larger and vertical rents

have their walls lined with crystals of calcareous spar, the surfaces of which are coated over with

black bitumen. Upon opening the cavities with the pickaxe, this bitumen exudes, and flows over

the adjoining limestone. It was also stated by the workmen that large discharges of water accom-

panied the laying open of some of these cavities. Although such veins are particularly described

at this locality, they are also found in other places where the limestone is thick and crystalline, and

are invariably most abundant in the proximity of large unstratified concretionary masses. As they

never occur in the upper or lower small nodular beds, and can in some instances be observed, fairly

terminating at both ends in the limestone, it may be inferred that these veins are contemporaneous

with the rock in which they occur, in other words, that they have been formed at the time when the

purer calcareous matter separated from the argillaceous mass and formed the larger concretions.

Organic Remains.—The most striking zoological distinction of the deposit consists in

the vast number of Corals with which it is charged. Among the most prevalent we

may enumerate Heliopora pyriformis (de Blainville)
;

Catenipora escharoides (Lamarck)

;

Stromatopora concentrica (Goldfuss) ; Favosites Gothlandica (Lamarck)
;
Cyathophyllum

turbinatum (Goldfuss); Limaria clathrata (Steininger) , &c. These corals, with many

others belonging to this and the other formations of the Silurian System, are figured in

PL 15 and 16., and will be described in a subsequent chapter by Mr. Lonsdale. The

Crinoidea, which are also very abundant, appear in PL 17 and 18 9
.

The conchifers and mollusks of the limestone are figured in PL 12. Of these the

most common are Euomphalus discors, E. rugosus, and E. funatus, figs. 18, 19, and 20.;

Productus euglyphus and P. depressus, tigs. J and 2. ;
Atrypa tenuistriata and A. aspera,

1 It is said that there were formerly lead mines in this limestone near Much Wenlock, but they have been

disused for many years.

2 The plates in which the corals and crinoidea appear not being completed while these pages are passing

through the press, I am unable to refer my readers to the figures.
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figs, 3 and 5.; Terehratula imbricata and T. cuneata, figs. 12 and 13.; Nerita Haliotis,

f. 16, &c.

Orthocerata occur, but more sparingly than in the Ludlow formation. The Ortho-

ceras Brightii, PL 12. f. 21. is a new but rare species.

Trilobites abound : Asaphus caudatus and Calymene Blumenbachii (PL 7. f. 6, 7 and 8.)

which occur in the Lower Ludlow Rock, are the prevailing species. Others, however,

are peculiar to the Wenlock formation, and are represented in PL 14, among which

are Calymene variolaris, f. 1. ; C. macrophthalma, f. 2.
;
Asaphus Stokesii, Nobis, f. 6.;

and others including a species of the Isotelus, (Bar Trilobite) and an undescribed genus,

which I have named Acidaspis, PL 14. f. 15. The shale or lower part of the formation

is characterized by other species of shells, figured in PL 13., the most abundant of

which are Productus transversalis, Wahlenberg and Dalm. f. 2. ;
Spirifer cardiospermi-

forrnis, Dalm. f. 8. ; S. trapezoidalis, f. 14. ; Terebratula brevirostra, f. 12°,
; T. inter-

plicata, f. 12b .; and T. imbricata, PL 12. f. 12.; Asaphus longicaudatus , PL 14. figs. 10

and 11.; and Orthoceras attenuatum, PL 13. f. 19.

I may here observe, that a few shells range through several of the Silurian deposits.

One of these, the Atrypa affinis, PL 6. f. 5. {Terebratula affinis Min. Con.), is found in

the Aymestry limestone and throughout the Wenlock formation, but it is most abundant

in the former. Another species which is very plentiful, Productus depressus (var.) PL 12.

f. 2., has the same range; indeed it may occasionally but very rarely be detected in

the Caradoc sandstone, its chief habitat being the Wenlock limestone.

If, however, several individuals are common to two or more formations of the system,

the greater number of species are peculiar to each succeeding stratum ; and of the truth

of this remark, I shall adduce strong additional evidence in the next chapter, when the

contents of the Lower Silurian Rocks are explained.

The two formations of Ludlow and Wenlock possess so much of a common litholo-

gical aspect, and offer such intimate passages from one to the other in the distribution

of the organic remains, that they form a very distinct natural subgroup, which I have

termed Upper Silurian. The expediency of thus grouping them will be apparent, when

these deposits are traced over a more extended area; for whenever the bands of lime-

stone thin out, the masses having an uniform argillaceous or mudstone character, are

so blended, particularly when they occur together in one mountain mass, (as for example

in the Long Mountain, Salop, the adjacent parts of Montgomeryshire, and in Radnor

Forest,) that the subdivisions, which are clear in this district, can no longer be de-

tected.

I now proceed to point out the distinctions of other strata, which rising from beneath

those above described are termed the Lower Silurian Rocks.

2 d 2



CHAPTER XVIII

SILURIAN SYSTEM (continued).

Lower Silurian Rocks,

Caradoc Sandstone and Llandeilo Flags.

3rd Formation Caradoc Sandstone, g, h, i, h, of wood-cut, p. 196, Sections,

PL 31. figs. 3 and 4.

As the overlying formations of Ludlow and Wenlock occupy separate parallel ridges

,

divided from each other by a longitudinal valley, excavated in the lower Ludlow rock

;

so the strata of this formation rise from a valley in the Wenlock shale and constitute

a third ridge, parallel to those already described. The name has been selected,

because the strata of which it is composed constitute a number of eminences, which

abut against the remarkable chain of trap hills called the Caradoc, as represented in

the opposite lithographic sketch, a. The Ludlow rocks. 6. The Wenlock limestone,

c. The Caradoc sandstone rising up in the hills described, and resting upon the trap

rocks (r
1

) of the Caer Caradoc and (r) Lawley. The Wrekin appears in the distance

(r"). The remote country is occupied by New Red Sandstone and coal measures.

The villages of Kenley, Church Preen, Acton Burnell, Hope Bowdler, and Acton Scott

are built upon these rocks, and their various beds are traversed, in passing from the

valley on the west of Wenlock edge to the flanks of the Caradoc chain. Instructive

sections may also be observed in crossing the south-western extension of these hills
1

,

at several points between Acton Scott and Cheney Longville. The clearest of these

sections is that exposed upon the banks of the Onny, between Wistanstow on the south-

east, and Horderly on the north-west. Where not much dislocated, the uppermost

strata dip to the south-east at angles of eight to ten degrees, the inclination of the

lower strata increasing to thirty-five, forty, sixty degrees, and even to verticality, as

they approach and come into contact with the trap rocks, or lie upon the anticlinal

lines marked by the prolongation of the Caradoc ridge.

Unlike the mudstones of the upper Silurian rocks, this formation is composed essen-

tially of sandstones of different colours, with an occasional subordinate course of cal-

careous matter. To convey a correct notion of the nature and succession of the strata^

1 These hills are from 500 to 800 feet high.
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I will first describe a natural section on the banks of the river Onny, commencing

near Wistanstow, where the strata rise from beneath the Wenlock shale, and termi-

nating with the lowest beds of the formation at Horderly Gate. Although a clear order

of succession in the upper masses is here exhibited, this section does not fully develop

all the subordinate parts of this formation ; and therefore each subdivision displayed

on the banks of the river, will afterwards be traced on its strike, to show the great ex-

pansion of some beds, in their course to the north-east, or in those hills which form

the south-eastern flank of the Caer Caradoc.

Transverse Section on the Banks of the Onny.—i. Thinly laminated, sandy shale, only slightly micaceous in the upper part,

but more so in the inferior, and weathering to a yellow colour. It contains thin courses (one to four inches) of sandstone

charged with fragments of shells, and streaked with thin layers of whitish pipeclay, and towards the lower part many thin

bands of impure sandy limestone. The latter may be detected in the bed of the Onny, and when first quarried, the layers,

four or five inches thick, are of a dull, dark grey, or bluish colour, and break into lozenge shapes.

Some of the calcareous bands in this subdivision expand in their progress to the

north-east. For example, at the Hollies, to the east of Hope Bowdler, there are several

courses eight to ten inches thick, which have been extracted and burnt for lime, (g of

wood-cut, p. 196.)

The fossils characteristic of the upper zone of the Caradoc formation are figured in PI. 19.

Among them are Productus sericeus, f. l.j JBellerophon bilobatus and B. acutus, f. 13 and 14.;

Littorina striatella, f. 12. ; Orthis alternata, O. callactis, (b) Dalman, figs. 5, 6, and O. canalis,

PI. 20. f. 8.; Pentamerus Icevis, and P. oblongus, f. 9 and 10. We here lose all traces of the

trilobites common to the Upper Silurian rocks (PL 7-)> and in place of them we meet with other

forms, including the Trinucleus l

, Llhwydd., a genus never observed in the Upper, yet abounding

in the Lower Silurian rocks, particularly T. Caractaci, Nob., PI. 23. f. 1., and an undescribed large

species of Asaphus, which I have named A. Powisii. (See PI. 23. f. 9 and 10.)

Impure limestone is also very generally found in the upper beds of the Caradoc sand-

stones, in distant parts of Herefordshire, as on the western flank of the Malvern Hills,

where besides some of the above-mentioned fossils, it contains some Orthoceratites and

many fragments of Crinoidea. It forms also the outer coat of the central dome of the

Caradoc sandstone in the valley of elevation at Woolhope, hereafter to be described.

These upper beds, on the Onny, dip 20° S.E. beneath the Wenlock shale, containing

the Asaphus longicaudatus
,
(PL 14. f. 11, 12, 13, 14.) whilst the lower strata graduate

downwards into sandy flagstones. They are placed at the top of the Caradoc forma-

tion, not only by their stratigraphical position, but also by their mineral structure and

1 Fragments and imperfect specimens only of these Trilobites having been published, I was about to name

this genus Tretaspis from Tprjrij aairls, a shield perforated or deeply sculptured on its margin, for such is the

leading generic distinction; when considering that an unquestionable species of this genus was long ago figured

by Llhwydd (Lythophyl. Brit. Ichnogr. 1699, p. 97. t. 23,) as Trinucleus fimbriatus, I have in obedience to the

practice of the best zoologists retained the original name. The American author Green, to whose work I shall

have occasion to refer in the sequel, (see chapters on organic remains,) has recently proposed that this genus

be called Cryptolithus , but this term does not explain any peculiarity of organization, and offers no inducement

to relinquish the name of the old English naturalist.
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organic remains, in both of which they are very distinct from the overlying deposit of

Wenlock.

ii. Slightly micaceous, very fine-grained, flaglike sandstone, of gosling green, and dingy olive green colours, in beds from

one to six inches thick. It is very finely laminated, and so void of argillaceous matter, that even way-boards can scarcely

be detected. These beds include calcareous courses of bluish colours, as seen in a low cliff on the right bank of the river,

and in the deep lanes at and above the village of Cheney Longville. In the lower part, the strata become rather thicker,

calcareous and shelly matter appearing at intervals, with rarely a thin partition of clay.

One of the most marked features of the beds of flag and tilestone is, that on frac-

turing the rock, the fossils frequently stand out in the form of neat casts, the surfaces

covered with the brown and yellow hydrate of iron, thus presenting themselves in marked

relief to the dingy green or red colours of the matrix.

The prevailing fossils are the Avicula orbicularis, PI. 15. f. 2. ; Orthis Actonia, PI. 20.

f. 16. ; 0. grandis, PL 20. f. 12 and 13. ; with an occasional Trilobite, such as Trinucleus

Caractaci, T. fimbriatus, &c.

This group of naglike strata at Cheney Longville and on the banks of the Onny,

cannot be estimated at less than three or four hundred feet in thickness (h of wood-cut)

.

They dip to the south-east at about 25°, and may be observed on the bank of the stream

as well as on the sides of the roads which traverse the strata, particularly in ascending

from Cheney Longville to the common, where they have been long and largely quarried

as tilestones. Similar beds may be traced, in the same position, on the south-eastern

face of the hill of Woolston, at Acton Scott, at Soudley near Cardington, &c. On the

whole the aspect of these beds is peculiar, and if the fossils were excluded, some of

them might almost be mistaken for sandy clay stones of trappean origin : and it will

be hereafter shown that beds of this nature in the immediate flanks of Caer Caradoc,

pass into what I have termed "Volcanic Grits." (see p. 229.)

in. Thick-bedded, finely grained, siliceous sandstones, sometimes of reddish colours, but for the most part of a dingy olive

green, and striped in the direction ofthe laminae with bands of dark red or purple. Some of the beds are very thick and fit

for the largest troughs ; others are wrought into flags six inches thick. This stone has a conchoidal fracture, and is usually

fissured by a number of vertical and oblique joints of irregular forms, having the interstices filled with clay, generally of a

red colour, the same matter forming the way-boards. It contains some irregular courses of very impure limestone, made

up of shells, chiefly the Orthis testudinaria Dalm., PI. 20. fig. 9., and Productus sericeus, PL 19. fig. 1.

In the south-western prolongation of this system, similar beds are cut through by the

old road from Ludlow to Bishop's Castle, called the Long Lane, where they are well

exposed in deep quarries, and where, as at Soudley, near Hope Bowdler, they are

worked for troughs, tombstones and building purposes, presenting the same peculiari-

ties of structure, fossils, fissures, colour, &c, which have been before remarked. The

lower beds at the Long Lane quarry are considerably inclined and disturbed in the

manner represented in this wood-cut.

a
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At Soudley the sandstone is overlaid by the same shelly flagstones and impure lime-

stones described in the section of the Onny, and is cut into to a depth of thirty or forty

feet. The prevailing colour of the rock is red, with some beds of dull green, striped

with darker red, and there are also courses of shale. Among the fossils are Avicula ob-

liqua, PL 19. f. 4. ; Orbicula granulata, PL 19. f. 5. ; Orthis Pecten, PL 20. f. 9., with

other shells common to the formation.

The surfaces of the beds are frequently marked by casts of awl-shaped bodies, the Tentaculites

of Schlotheim, and the ends of the stems of Crinoidea. The latter fossils are eminently charac-

teristic of several subdivisions of the Caradoc sandstone, particularly the Tentaculites annulatus,

(PL 19. f. 15.). The same thick-bedded red rock with similar relations, is seen in quarries at

Wilson, near Cardington.

iv. Sandy and pebbly grits, of reddisb brown and yellowisb colours, in tbick and thin beds; the latter frequently con-

taining casts of shells and portions of trilobites. On the left bank of the Onny, quartzose grits rise into the high grounds

of Woolston and Horderly. Towards their base they become so calcareous as to be partially burnt for lime, and are exhi-

bited on both banks of the Onny, at angles of seventy and eighty degrees, still inclined to the east and south-east. This

calcareous grit is here about twenty-five feet thick, and is flanked by thin courses of shale, of mottled bluish grey colour.

The calcareous grit (i of wood-cut) contains the large Orthis anomala, PL 21. f. 10.

{Terebratula anomala, Schloth.,) the Pentamerus oblongus, and the plumose coral Cala-

mopora fibrosa, (Goldfuss) . The same calcareous rock is again exposed to the north-east

in the escarpment called the Broken Stones, underlying the sandy and pebbly grits.

This section of gritty and pebbly beds can be traced at various intermediate points, to

the north-east, between the Caradoc ridge and the villages of Cardington, Enchmarsh,

and Chatwall, always underlying the purple and green sandstone. The highly sculp-

tured bucklers of the genus Trinucleus, and also the beautifully ornamented tails of the

trilobite Entomostracites punctatus (Wahlenberg) , PL 23. f. 8. are not uncommon.

To the south-west of the Onny, these quartzose grits are interposed between the Long

Lane quarries and Wartle-knoll ; and ranging through the red hills of Aston, they

appear for the last time in this district in the low promontory of Gorton. At the latter

place, the thick beds extracted as building-stones are chiefly of grey colours, but con-

tain small fragments of pink jasper, and occasionally patches of green earth. In the

thinner and overlying strata, casts of fossils are numerous, chiefly the Orthis flabel-

lulum, PL 21. f. 8.; 0. Vespertilio, PL 20. f. 11.; and Terebratula unguis, PL 21. f. 13.

To the south-west of Corton, these porous and coarse grits, dipping on all sides be-

neath the argillaceous shale of the overlying formation, become, from their low position,

filtering-stones, through which the wet descends, and then naturally decomposing, form

an excellent gravel, unlike any stratum in the surrounding country 1

.

v. Deep reddish purple sandstone, with streaks of dirty yellowish green, in beds from six inches to two and three feet.

These strata (k of wood-cut) are seen for the distance of two hundred paces on the

left bank of the Onny to the west of the calcareous grit ; and though these beds are

1 The Rev. J. Rocke of Clungunford first pointed out to me this peculiar gravel.
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here nearly vertical, and much distorted* there can be no doubt they underlie all the

system above mentioned. Indeed, they are dissimilar in mineral composition to any

of the overlying strata. From their red colour and the great admixture of clay and

marl, which are associated with them, they might be lithologically identified with many
beds of the Old or even of the New Red Sandstone, described in previous chapters.

The section of the Onny does not clearly expose any lower beds in the series. The

black brittle schist which succeeds, may possibly represent a portion of the Llandeilo

flags, but apparently it contains no fossils. In this section, indeed, the Caradoc forma-

tion has its natural termination at Horderly-gate, for, as will hereafter be shown, this

point being upon a line of trappean eruption, the strata are thrown off in an anticlinal

form.

At the north-eastern end of the Caradoc and Lawley hills, the lower sandstones are

much more fully developed than on the banks of the Onny. In a traverse from the

hills of Church Preen, by Broome to Chatwall, we pass over the overlying strata, con-

sisting of impure limestone, shelly flagstone, sandstone, and grits before mentioned, the

inclination of the lower strata increasing as they approach the ridge of the trap, (see

coloured view, facing p. 216, and PL 31. f. 4.). Thence travelling across a valley of

denudation, which has been excavated in shale, we find a bold and sharp ridge of sand-

stone and grit, rising up into the Hoar Edge, and running parallel to the general strike

of all the other strata, and to the Caradoc and Lawley ; the angles of inclination of the

beds having increased to sixty degrees. In the quarries the descending section consists

of—

1. Grits and coarse sandstone, of brown and yellow colours.

2. Pure, white, fine-grained sandstone, the interstices between the grains being occasionally filled up with decomposed

felspar, which, when abundant, gives in certain states of decomposition a yellowish and freckled aspect to the rocks.

3. Yellowish sandstone, with ferruginous streaks and stripes of blue, red, and yellow colours.

4. Deep red sandstone.

5. Whitish gritty sandstone. {Dip 55° to 60° S.E.)

The beds in -all are about fifty feet thick. Troughs of very large size are extracted,

and much of the stone is of very superior quality, being quite equal to many esteemed

building-stones in the carboniferous system, from which indeed it is undistinguishable

in hand specimens. These quarries expose but a small portion of the strata of which

the Hoar Edge is composed, and the inferior strata lying between this ridge and the

Lawley have been much denuded, leaving a deep, narrow, intermediate valley ; but

upon their strike to the south-west, between Enchmarsh and the little Caradoc, the

sandstone and grits expand considerably, and contain many of the fossils to which we

have alluded. In the next chapter it will be shown that where the sandstones and grits

have been cut through by the eruptive trap rocks of Caer Caradoc, they have been

thrown into vertical, broken, and fantastic forms, and in many places altered into

quartz rock. The zone of bright yellow colour on the eastern edge of the Caradoc and

Lawley Hills, as represented in the coloured view, p. 216., indicates the position of the
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quartz rock. The same phenomena occur on the flanks of the Wrekin and other places,

where trap rocks protrude through similar sandstones. (PL 29. f. 11.) In the undu-

lating and wooded hills of Acton Burnell and Cound, this Caradoc sandstone is re-

peated by reversed dips of the strata ; and also on the north-western side of the anti-

clinal line of the Caradoc, so that the observer will find white sandstone at Cound and

Stevens' Castle, and red sandstone and shelly beds in Acton Burnell, &c. On the

eastern slopes of the latter hills, some of these shelly beds, containing principally

Productus complanatus, PL 20. f. 6. ; Orthis vespertilio, PL 20. f. 11, &c. ; have been

quarried and polished for marble ornaments 1

.

Besides the strata already mentioned, there are other rocks which constitute promi-

nent members of the formation for short distances only. Thus the villages of Kenley

and Church Preen, stand upon coarse grits, in parts almost quartzose conglomerates,

which for three or four miles, form one of the uppermost strata of the Caradoc sand-

stone ; for they rise at low angles from beneath the Wenlock shale
2

. This coarse

rock is used as a building-stone, and may be seen in the houses of the village of

Harley below Wenlock Edge, where those who identify rocks by mineral characters

would have some difficulty in distinguishing it from the millstone grit of the coal-

measures. At Kenley, the small white quartz pebbles of the rock are held together in

a strong ferruginous cement ; and the beds have an united thickness of twelve or four-

teen feet, becoming in some places a fine, hard, chocolate-coloured, coarse sandstone.

At Church Preen it is largely quarried, and is a ferruginous, gritty sandstone, in parts

a conglomerate, the dip being ten degrees to the south-east. To the south-west of

Church Preen, this stratum thins out, and is no longer visible. In the central and

lower beds of the series, exposed in the escarpment at Chatwall, there are thick- and

thin-bedded yellowish sandstone, calcareous flagstone, conglomerate grit, and purple

and green micaceous sandy shale. The conglomerate at this place is lithologically

distinct from that of Church Preen, and contains pebbles of quartz, in sizes varying from

peas to almonds ; and in some of the beds there is much disseminated green earth and

other disintegrated materials of trap rocks, giving a varied appearance to the strata.

These accumulations, it will be observed, are on the flanks of the trappsean chain of

the Caradoc. Similar conglomerate beds are laid open at Enchmarsh, overlying choco-

late-coloured sandstone and dipping 50° south-east. This formation has been considerably

denuded in the valley of the Severn, but it reappears in the north-easterly prolongation

of the strata, on the south-eastern flanks of the Wrekin, where it dips rapidly on one

side beneath the carboniferous limestone and coal-measures (see Chap. 7. p. 109.) ; and

on the other is both recumbent on and perforated by trap rocks. Some of the sand-

stones on the sides of the Wrekin and Ercal Hills, are extremely shattered, and altera-

1 They have been used in the mansion of the proprietor, Sir Edward Smith, Bart.

3 At Woolhope, also, it will be seen that coarse quartzose grits, almost conglomerates, rise out at once

from beneath upper courses of bastard limestone, like those of the Hollies, &c.

2 E
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tions are produced in them, similar to those to which I have alluded as occurring on

the sides of the trap rocks of Caer Caradoc. These transmutations will be described

in the next chapter. The Caradoc Sandstone is again exhibited in mountainous masses,

both in the south-western tracts of Shropshire, and largely in Montgomeryshire and

the adjacent parts of Denbighshire, particularly on the left bank of the river Ffyrnwy

near Meifod ; but the description of these masses is reserved, until I have explained

the linear outbursts of volcanic rocks, and the various anticlinal lines by which the

formations of the Silurian System have been broken up and separated. In the mean-

time we have sufficiently described the great and complex formation of the Caradoc

sandstone in the district where it emerges conformably from beneath the formations of

Ludlow and Wenlock ; and the descriptions of beds of similar age in other tracts will be

less diffuse. It may be remarked, that although so low in the series of deposits, the

formation is made up of beds of red, green, and purple sandstones, some of which it is

difficult, upon first inspection, to distinguish from strata of the Old, or even of the New
Red Sandstone. Its best and clearest distinctions consist, however, in its order of

infraposition to the upper Silurian rocks, and its organic remains, nearly all of which

are dissimilar from the fossils of the formations which immediately overlie it.

Mines and Minerals.—Malachite, or the green carbonate of copper, occurs in thin

films and nests, and is occasionally slightly diffused through the sandstone of Longlane,

Soudley, &c. Copper ores were formerly worked in these beds near Cardington. These

veins lie near the contact of the deposits, with the trap rock of the Caradoc ridge, and

will be alluded to in the ensuing chapter. Thin strings of galena, with some associated

crystals of blende, have been also found in the south-western termination of this system

at Corston Heath, where the beds are also much dislocated and altered, but none of

these trials ended in profitable mining adventures. It will, however, be seen that in

other districts where trap rocks abound, beds of this age are penetrated by rich and

productive lead veins.

" Llandeilo Flags,"—4th Formation.

—

Base of Silurian System. (I of woodcut, p. 196.)

The Llandeilo flags are not seen in that district of Shropshire which has been

selected as affording the clearest and fullest types of the superior formations. They

have, therefore, been named after the town of Llandeilo in Caermarthenshire, where

they are largely developed. They consist of hard, dark-coloured flags, sometimes

slightly micaceous, frequently calcareous, with veins of white crystallized carbonate of

lime, and are specially distinguished by containing the large trilobites, Asaphus Buchii

(Brongn.), PI. 25. f. 2. ; andA tyrannus (Nob.), PI. 24. and PL 25. f. 1. Their relations

and peculiarities at Llandeilo will be described in the chapter on Caermarthenshire

;

it being sufficient now to state, that these flags there occupy various ridges, pass

under sandstones, the equivalents of those of the Caradoc, and are seen in some situa-
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lions to graduate downwards into the older strata of the Cambrian System, as re-

presented in the woodcut, p. 196, (see also PI. 34. figs. 3. and 8.). In the immediate

neighbourhood of Ludlow and Wenlock, on the contrary, there is a great break along

the base of the Caradoc sandstones, occasioned by the outburst of trap which will be

soon described (PL 31. figs. 3. and 4.), so that the exact place of the Llandeilo forma-

tion cannot be there established. Without, however, quitting Shropshire and the ad-

jacent tracts of Montgomeryshire, we can prove the flags to be of older date than the

sandstones, because the latter, as exhibited on the slopes of Caer Caradoc, contain no

strata lithologically resembling these flags, whilst in several situations on the north-

western side of the Longmynd and Stiper stones, true dark-coloured Llandeilo flags,

containing the characteristic trilobites, rise from beneath sandstone charged with many
well known Caradoc fossils (PL 32. figs. 1. and 2.). That these Llandeilo flags dip be-

neath the Caradoc formation, is also proved by continuing a transverse section to the

north-west of the Vale of Meifod (PL 32. fig. 9.) j
when, after passing over many ridges

composed of Caradoc sandstone with fossils, we meet with dark calcareous flags charged

with the Asaphus Buchii, &c, emerging from beneath the sandstones, and reposing upon
the slaty rocks of the Berwyn mountains. (See the end of Chap. 24.) It is from these

combined evidences, drawn from different localities, that the Llandeilo flags are proved

to be of higher antiquity than the Caradoc sandstone, properly so called. Some geolo-

gists, seeing the vast thickness of the Caradoc sandstone, and the comparatively small

dimensions of the Llandeilo flags, with the occasional recurrence of sandy beds beneath

them, might prefer to comprehend under the former name both deposits. Taken in

this sense the Llandeilo could be considered only a subdivision of the Caradoc forma-

tion. After mature consideration, however, and the examination of numberless sec-

tions, I have preferred retaining the Caradoc sandstones and Llandeilo flags as separate

formations, terming the whole "Lower Silurian Rocks", and premising, that where cer-

tain calcareous bands and peculiar beds of fossils disappear, it is not practicable to

maintain the division of the group into distinct formations. On the contrary, however,

where fully expanded, as in Caermarthenshire and Pembrokeshire, these flags are often

of much larger dimensions than the Caradoc sandstone : besides which the flags are so

strongly marked by lithological characters, and the presence of distinct trilobites, that

there is no difficulty in distinguishing them from the overlying sandstone.

In the vicinity of trap rocks, these flags, like the Caradoc sandstone, frequently

contain mineral veins, chiefly of lead. In the Shelve and Cornden district, such ores

are largely worked. On the flanks of the Berwyns in Montgomeryshire, and near

Llandrindod in Radnorshire, they are small and unproductive. The productive ores of

the Cornden and Shelve district will be described at length in the twenty-second

chapter.

It is scarcely possible to estimate the thickness of these flags, nor is it necessary to

do so. In Caermarthenshire, where the overlying formations are attenuated, they are,

2e 2
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as already stated, much expanded, and of considerable dimensions ; and in Pembroke-

shire, where they contain large masses of good limestone, they are of still greater

breadth.

The organic remains are described in subsequent chapters. Most of the conchifers

and mollusks found in these nags, occur also in the Caradoc sandstone. Certain tri-

lobites, however, as above stated (Asaphus Buchii and A. tyrannus), are peculiar to this

deposit, while other crustaceans of the genus Trinucleus, though exclusively character-

istic of the Lower Silurian group, are common to both the lower formations.

Enough has already been stated to demonstrate, that as we descend into older strata,

we meet with fresh types of animals : for although two or three species of shells of the

Upper Silurian Rocks may be detected in the Lower Silurian, the mass of organic

remains in each group is very distinct. The least practised observer may convince

himself of the truth of this assertion, by comparing the figures represented in Plates 4

to 18, with those from 19 to 27 inclusive. In the former are included all the known

fossils of the Upper Silurian, in the latter those of the Lower Silurian rocks. The

fossiliferous distinction is indeed most strikingly maintained by the crustaceans, for as

yet I am acquainted with no example in which a trilobite of one group has been detected

in the other.







CHAPTER XIX.

SILURIAN SYSTEM (continued).

Trap and altered Rocks of the Caradoc, Wrekin, ^c—Periods of Volcanic Erup-

tion.—Dislocations and Outliers of Silurian Rocks.

"W^E now proceed to consider the structure of the principal ridges of rocks of vol-

canic origin which appear in connection with the Lower Silurian Rocks in the country

above described.

Caer Caradoc.

The bold, narrow, and sharp ridge called the Caradoc is about seven and a half miles

in length, tapering at the extremities, and never exceeding half a mile in breadth. The

culminating point, or the Caer Caradoc, is 1200 feet above the sea, but the Ragleath or

south-western termination does not exceed 1000 feet, and the Lawley or north-eastern

900 feet. Several of the intervening and smaller hills do not attain to such elevations.

The ridge has a large buttress on its south-western flank, constituting the hills of Hope

Bowdler and Cardington, which nearly rival in height the Caer Caradoc and are upwards

of a mile in breadth.

The Caradoc Hills are chiefly composed of different varieties of imbedded or amor-

phous trap, the most characteristic specimens of which may be collected from the

rugged bosses which protrude through the verdant slopes or rise to their summits, con-

tributing to embellish their picturesque forms. (See the opposite sketch.) The rock fre-

quently appears through the grass in long dykes, from ten to fifteen feet wide, which

meeting in the culminating points of the hills give them a radiated appearance. Their

structure is also to be studied in the transverse combs and hollows which separate one

hill from another, in broken chasms upon their sides and in the beds of small water-

courses which descend from them. The predominant unstratified rock is pink, hard,

compact, felspar, breaking into irregular rhombic forms, a clear fresh fracture being ob-

tained with difficulty. From this compact felspar there are passages into, and alterna-

tions with, so many varieties of syenite and greenstone, that it is impossible to separate
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the one from the other. These different substances will be first described, and it will

afterwards be shown, that amorphous masses made up of these materials have dislocated

and highly altered the adjacent strata.

In the Lawley we find compact felspar rock passing into hornstone; felspar rock occasionally co-

loured green by chlorite
;
fine-grained syenite with and without olivine

;
amygdaloid having a base

of purple felspar and hornblende, more or less intermixed with green earth, which from a simple rock

passes into one in which the amygdaloidal structure prevails, the globular concretions consisting

chiefly of glassy, greenish yellow, radiated actinolite, with some green earth, calc spar, and quartz.

This is the beautiful amygdaloid first described in Dr. Townson's " Tracts," and again mentioned

by Mr. A. Aikin, Geol. Trans., 1st series, vol. i. p. 210. It was supposed to be peculiar to the

north-western face of Caer Caradoc, but I have discovered it near the summit of the Lawley, in the

Little Caradoc, and in Hope Bowdler Hill, &c. It may therefore be considered common to the

range.

Little Caradoc.—'Felspar rocks as in the Lawley
;
greenstone containing numerous crystals of

white glassy felspar.

Caer Caradoc.—Compact felspar rock is in great abundance as in all the other hills ; the most

beautiful variety is cellular, the cavities varying in size from that of a small almond to a pin's head

and all compressed.

These cells are lined with minute hexahedral prisms of quartz mixed with a greenish yellow,

earthy matter, perhaps decomposed actinolite ? This rock is penetrated by veins of quartz, flesh-

red felspar and chalcedony, the latter of which fills all the cells of the adjacent rock (Aikin, p. 210).

The Caer Caradoc also contains greenstones of several varieties, some of which are so fine-grained

as almost to pass into basalt 1
. In Haslar, Uelmeth, and Ragleth Hills, there are ill-defined green-

stones, with felspar rock, claystone, &c.

Hope Bowdler.—Rocks of compact felspar near Woodgate Bowdler, coloured green by chlorite,

the red felspar giving to them a mottled aspect. Parts of these rocks have a bedded appearance

and a steatitic feel, and in some specimens plates of green earth alternate with laminae of pink

felspar.

In a gorge leading from Woodgate Bowdler to the Battle stones, the compact felspar is slightly

porphyritic j another rock has a base of compact felspar and hornblende, with crystals of common

felspar, thus indicating a passage into greenstone.

At the knotty points called the "Battle stones," which stand out on the western face of the Bowd-

ler Hills opposite to Caer Caradoc, is seen a trap conglomerate including concretions of compact

felspar, quartz, green earth, and minute scales of talc. Another variety at this wild and rugged spot,

is a compound of small grains of quartz, in a base of compact felspar, tinged green by green earth.

This range of hills presents many well developed cases of changes in the structure of

the adjacent sandstone, which have been effected by the trap.

For instance, we may follow the strata of the Caradoc sandstone, full of fossils, as

they range by Chatwall and Enchmarch to Cardington, where they are cut in upon

by the great mass of unstratified trap rocks, of Cardington and Hope Bowdler Hills

1 In a most instructive collection of rocks from these hills made by the Rev. J. Yates some specimens are

considered by him to be true basalt. (Museum of the Liverpool Institution.)
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above described ; and in place of beds of sandstone we there find them suddenly changed

into a serrated pile of arid quartz rock of exceedingly picturesque forms, (the Sharp

stones) rising to about seven, hundred feet above the sea, and in which nearly all

traces of bedding have been destroyed, the lines of stratification, which can be defined,

being inclined at very high angles.

Again, if we track the older strata of the same formation upon their strike from the

quarries of Frodesley and the Hoar Edge, to their contact with the trap of the Little and

Great Caradoc, we meet with precisely the same phenomena, the evidence in this case

being still more decisive. In the sandstones, at a certain distance from the trap, the

mechanical form of the grains of quartz is very evident, and they are associated with

much disseminated felspar. On the north-east side of Little Caradoc, or rather between

that hill and the Lawley, the sandstone is thrown up in vertical beds striking nearly

east and west, and is in a state approaching to quartz rock, being much indurated and

in parts cellular, the cells frequently containing green earth and malachite 5 whilst on the

absolute face and summit of the trap of Little Caradoc, as well as on the eastern face of

the Lawley, the sandstone is only to be detected in the state of true quartz rock, in

most instances the trace of bedding being entirely destroyed, and the rock resting as

a thin cover or in detached fragments upon the trap. Similar masses of quartz rock

adhere to the sides of these trap hills at the Battle Stones.

In one of the quartzose veins, proceeding from the Caer Caradoc, the Rev. J. Yates

discovered crystallized galena, an interesting fact as connected with the theory of me-

tallic veins, respecting which much additional information will be communicated in the

twenty-second chapter, upon the volcanized mining tracts west of the Stiper Stones.

The environs of the Caradoc alone would, however, be almost sufficient to lead us to be-

lieve that veins have frequently been filled or enriched with metallic substances during

the evolution of igneous matter through sedimentary deposits, for the altered sandstones

around the edges of the protruding masses of trap near Hope Bowdler, are traversed to

some extent by veins of copper ore, some of which have been slightly worked at former

periods
1

.

Without quitting the county of Salop, and restricting our observations to the vicinity

of the Wrekin and the Caradoc, we are thus furnished with numerous examples of

great mineral changes which have taken place in these sandstones, when they are in

contact with, or in the proximity of certain rocks of intrusive characters and igneous

origin, and the inference appears to be irresistible, that the sandstone has undergone the

change of composition through the action of heat, evolved during the eruption of the

volcanic matter.

1 Mr. Yates noticed vertical strata of quartz rock passing into sandstone with a vein of trap passing through

them. He also observed malachite in the quartz rock and in those peculiar sandstones which I have termed vol-

canic grit, and also in the ordinary sandstones of Long Lane quarry. Geol. Trans, vol. 2, p. 246. This mineral

(green carbonate of copper) is largely disseminated in the adjoining districts to the westward. (See chapter 22.)
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The highly inclined and dislocated position of the beds of sandstone, wherever they

approach to these hills, is of itself sufficient geological evidence that the trap has been

forced up through these sediments, and where we find these movements accompanied

by such remarkable changes of lithological structure we can no longer doubt of their

origin
1

.

Such is the composition of the trap and altered rocks of the Caradoc Ridge. Having

remarked that the Caradoc sandstone, extending through Horderley to Aston and Gorton,

terminated in a narrow anticlinal on the line of Caer Caradoc, I was induced to search

for trap rocks in that direction. The first clear exhibition of them I discovered is at

Wartle Knoll, eight miles south-west of Ragleth, the south-western end of the Caradoc.

(see Map.) This conical hill is similar to many parts of the Caradoc, consisting

chiefly of compact felspar with passages into coarse and ill-defined greenstone. One
variety of the felspar rock contains grains of quartz, and another has a conglo-

merate or brecciated character. In the hills of Carwood, north-east of this cone,

the sandstones are very felspathose, partially altered, and dip away in broken masses

from the intruding rock ; and the analogy between the phenomena observable around

this little boss and those on the flanks of the Great Caradoc is complete. The south-

western termination of the line of disturbance occasioned by the intrusive rocks along

this axis is further traceable in several irregular dykes or small protrusions. One of

these is on the sides of the Middleway lane, in the deep comb on the western side of

Hopesay Common, where highly dislocated strata of sandstone and shale are thrown off

a little boss of trap rock of very mixed characters, the mass being penetrated by veins

of white calcareous spar, the whole much resembling a mixed calcareous and serpenti-

nous rock, which I shall presently describe as occurring on the banks of the Severn near

Cound Lodge. It may be remarked, that although it might be difficult to assign any

precise age to the sandstone immediately in contact with the intrusive rock of this point,

the broken knolls, with the contiguous strata tilted to the west, consist of the Ludlow

1 The Rev. William Vernon Harcourt has directed his attention to the chemical changes produced in sedi-

mentary rocks by the application of long-continued heat. He informs me that in the Yorkshire iron fur-

naces, where a variety of millstone grit is employed as the furnace-stone, after having been in long-continued

contact with the molten metal, the stone undergoes a peculiar kind of fusion, not of the mass, but of the par-

ticles of which it is composed, the disseminated felspar serving as a flux to the siliceous grains : in some instances

he has found portions of the stone converted into a mass of felspar regularly crystallized ; in others, veins

or nests of various crystals occurring at intervals, the intermediate substance of the stone being comparatively

little altered. This circumstance Mr. Harcourt attributes, to the differences in the original texture or ingre-

dients of the rock, which have occasioned the heat and volatile matter penetrating the substance of the

stone, to produce similar effects in similar parts, however distant the one from the other. He states that the

portions of the stone which have borne the strongest heat, have entirely lost the fracture and characters of a

sedimentary rock, and assumed a high degree of density and hardness, which becomes greater in proportion to

the presence of aluminous, ferruginous, or calcareous matter. Among other analogies, the modern parallel

seems to explain how certain portions of sedimentary strata near the igneous rock may be slightly changed,

while others more remote may be much altered.
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formation, whilst the mass of Hopesay Common on the east is made up of the red and

purple beds of the Caradoc sandstone.

The prolongation of the chief axis of the Caradoc System is, however, to be traced through the

culminating point of Sibdon Hill to the village of Aston by occasional slight protrusions of highly

indurated and broken beds of red sandstone, with very rarely a point of felspar rock. This axis

finally terminates in the hill of Corton, where the Caradoc sandstone and grit have been described

as tilted off on either side of a line of elevation. In a recent excavation for the foundation of a

house on this hill, the dislocated strata were found to be based upon a rock of the same ambiguous

character which marks the anticlinal in Sibdon and Aston Hills, a dark red, hard, felspathic rock,

with a quartzose fracture, slightly tinged in parts with chlorite.

On the south-eastern face of Sibdon Hill and a little west of Sibdon House, there is, however, an

outburst of unequivocal trap, which rises to the surface in three dykes more or less parallel, trending

towards Wartle Knoll. Two of these, consisting of decomposing concretionary greenstone, are of

slight thickness, with vertical and contorted beds of shale on their sides : the chief or central mass

rises in an arch through the strata, which from its hardness and compactness was very valuable as

a roadstone in this district, but was soon quarried out to a depth rendering further extraction

too expensive. This rock is essentially dark-coloured, felspathic, and concretionary : the white

felspar separating from the hornblendic base into small concretions, gives to the whole a spotted

aspect. Another variety is so compact a greenstone that it may almost be termed basalt, and in it

are minute concretions of quartz.

" Volcanic Grit.'''

Besides the intrusive trap and masses of altered rock, the Wrekin and Caer Caradoc

throw off at a little distance from their flanks, bedded sandstones and grits, which

although they sometimes contain organic remains, are in composition so analogous to

the trap itself, that I designate them "volcanic grit." Mr. A. Aikin has alluded to

this rock, as a micaceous sandstone nearly allied to greenstone, Geol. Trans, vol. i.

Old Series, p. 212. There is a good section of these beds near the southern termina-

tion of the Wrekin. The stone is here of a dark green colour, and consists of the same

materials which constitute greenstone and syenite, with a few fine scales of mica. The
beds dip away from the trap at a high angle.

Again, on the eastern flank of the Caradoc, the same rock occurs in highly inclined

strata, also hanging off from the intrusive ridge. It is well displayed at a spot about

two hundred yards E.N.E. of the base of Little Caradoc, and is made up of grains of

green earth and felspar, with some scales of mica, &c. Hand specimens of this rock

would unquestionably be mistaken for trap. In other situations along the same flank

of that ridge, the sandstone contains much decomposed felspar.

Somewhat further removed from the Caradoc, is a line of shelly sandstone, also

ranging parallel to the main ridge and dipping away from it, in which the same com-
position is more or less perceptible, the aspect of the rock being on the whole entirely

dissimilar to any sandstone of the secondary series hitherto described. This sand-

2 F
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stone extends from the hills between Church Preen and the Hoar Edge, to Broome,

Chatwall, &c., and is re-produced at intervals for some miles, extending to Cheney

Longville, where it has been described as composing a part of the third formation of

the Silurian System. These beds consist, for the most part, of slightly micaceous and

very fine-grained sandstone, of a dingy olive-green colour
;
they contain casts of encri-

nites, trilobites, and mollusca, but if these fossils were excluded, the stone would be

said to resemble a sandy claystone of the trap family.

These strata, however, mark the extreme verge of this class of deposits, for they are

surmounted by the argillo-calcareous formation of Wenlock, neither in which nor in the

overlying Ludlow rocks are there beds of similar structure.

As I have detected these sandstones, not onlyon the sides of the Salopian intrusive rocks,

but also on the flanks of the Malverns and in other places where syenite and other trap

rocks protrude, and as I have never observed them where there are no such rocks in the

vicinity, I am induced to think they were formed during a period of submarine volcanic

action, and that the materials are ashes and scoriae given off during submarine ejec-

tions.

Such deposits must, it is evident, be now forming beneath the sea where submarine

volcanic eruptions occur, and the mass of Graham Island, as well as the fine detritus

resulting from similar causes, described by Capt. Smyth and others, as rendering the

Mediterranean turbid, must have subsided in a manner directly analogous to that by

which it is conceived this grit was accumulated.

That organic remains should occasionally be found in the ancient grit is strongly

supported by modern comparison, for the eruption above noticed must have entangled

the shells at the bottom of the sea, and many of the dead fishes noticed on the surface

most probably were entombed in the subsiding ashes.

In this instance we have, therefore, a striking example of the value of studying

existing operations, with a view to explain ancient phenomena 1

.

I must first refer the reader to the fifth chapter for a general explanation of this

subject, and to chapters 22, 23 and 25 for copious details and illustration of my views.

The evidences there adduced are clear, that these volcanic grits were formed during the

elaboration of the Lower Silurian Rocks, and were the precursors of great outbursts of

intrusive trap along the principal fissures of eruption.

Period of Eruption of the Caradoc.

If the volcanic grits are proofs of often repeated igneous action during the period

when the Lower Silurian strata were accumulating, a singular outlier of Upper Silu-

rian rock on the north-western flank of Caer Caradoc, distinctly proves that the amor-

phous trap of the main ridge was subsequently thrown up. Near the base of one of the

1 See Lyell's Principles of Geology, 4th edit. vol. ii. p. 199, &c.
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steepest acclivities of the chief hill, and close to the house of Botvyle, is a knoll about

five hundred paces in length and two hundred in breadth, of impure limestone belong-

ing to the middle portion of the Ludlow rocks. The strata are vertical, or dip 80° to

the south, and strike in one part due east and west, in another 10° and 15° north and

south of those points, their direction conforming to a buttress of the trap of Caer Ca-

radoc, which advances towards Botvyle. (See Map.) Some of these beds are concre-

tionary, others consist of thick, flaglike, impure grey limestone, containing fossils of

the Aymestry or middle Ludlow rock, among which are Terebratula Wilsoni, Pleuro-

toma corallii, Atrypa affinis, &c. The limestone is for the most part much indurated

and altered, and although it has been burnt for lime, it is now little used, the adjoining

limestone of the coal measures at Le Botwood being of superior quality (see p. 93,

etseq.).

Other strata, representing the Lower Ludlow rocks, and containing the Asaphus cau-

datus, are broken off from this insulated mass of limestone, and ranging nearly at a

right angle to its direction, strike to the south-west, along the flank of the chain, occu-

pying the low hills of Caradoc Coppice and New Farm. These Lower Ludlow beds,

though exceedingly dislocated, are not like the limestone changed, being further from

the intrusive rock. The altered mass standing on its edges, in an insulated position,

amid rocks of much higher antiquity than itself, and adhering to the sides of an eruptive

ridge, shows that the Ludlow formation was at one period continuously spread over

this district, and that the Botvyle outlier is its only remnant, the underlying formations

having been upheaved, and the overlying denuded. (See PI. 31. f. 4.) No portion of

the highly convulsed region laid down upon the annexed map offers so striking an ex-

ample of the extent of the disturbing forces as this insulated mass of Ludlow rock ; dis-

severed from similar deposits by an interval of five miles and encased in a gorge between

two mountain masses ; one a volcanic rock which has thrown the Upper Silurian beds

into mural position, the other slaty rocks of the Cambrian System (the Longmynd).

The latter, indeed, is also penetrated by numberless intruders of trap, which we shall

presently consider. In the meantime, the phenomena at Botvyle prove, that the trap

forming the main ridge of the Caradoc has been evolved posterior to the consolidation

of the Silurian System.

This period of elevation was synchronous with that which threw up the Silurian

strata on the flanks of the Wrekin, and was antecedent to and distinct from those

eruptions which on lines more or less parallel, subsequently affected the carboniferous

system, as will be shown in the following pages.

2 f 2
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Trap Rocks of the Wrekin, Lilleshall Hill, fyc.

Rocks of trappsean or igneous origin intersect the strata at numerous points on the

left bank of the Severn. In Maughmond Hill they cut through the Cambrian System;

in the Wrekin and its dependencies, the lower edges of the Silurian System ; in the

districts of Little Wenlock, Ketley, &c, the coal-field; and at Lilleshall, both the Silurian

rocks and the carboniferous limestone. Of the trap of Coalbrook Dale we have already

spoken (p. 109.), and of that of Haughmond Hill we shall hereafter treat in connexion

with the Cambrian deposits. Let us in the meantime review the group of the Wrekin.

(PL 1 . fig. 11.) This elliptical hill, rising into a narrow crest, is about one mile and a

quarter long, and its culminating point is 1330 feet above the sea. In Ercal Wood,

the north-eastern prolongation of the axis of the Wrekin, are other rocky masses of

similar composition, the highest point of which is seven hundred feet above the sea.

They extend in a broken and rugged outline upwards of a mile towards the north-east,

and terminate near the high road from Wellington to Shrewsbury. They are separated

from the Wrekin by a narrow gorge, and on their south-eastern flank rises a separate

hill of about equal height, called Madox Hill, the axis of which is parallel to the

Ercal and the Wrekin. Beyond the south-western extremity of the Wrekin, and sepa-

rated from it also by a depression, is a conical knoll, called Primrose Hill. (See left side

of the wood-cut.) Designating all these hills under the name of the Wrekin, they may

be described as essentially composed of rocks of igneous origin, having upon their flanks

various strata of the Silurian System, which, in contact with the trap, have undergone

(as at the Caradoc) great changes in mineral character.

The rock most unequivocally of igneous origin, is a pink, deep red syenite, consisting principally

of compact felspar, with some white quartz, a few crystals of common felspar, and occasionally dis-

seminated chlorite. In the Ercal ridge the chlorite prevails, so as to give the rock a green aspect,

small crystals of iron pyrites being also present. In the extensive road-stone quarries, near the

Hay Gate, at the northern termination of the hill, are several varieties of compact, pink, and purple

felspar, some of which are finely concretionary, with passages into a fine granular structure
;
others

consist of a very hard compact mass, which in fracture bears a quartzose character, the corneen ?

of French mineralogists. In Madox Hill is a fine-grained, pink syenite, and also a rock made up

of felspar and green earth, with some veins of carbonate of lime. The summit and centre of the
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Wrekin, properly so called, consists of flesh and brick red, compact felspar. This red felspar rock

is particularly well displayed in the gnarled points, called the " Raven's Bowl" and the " Bladder,"

the south-eastern summits of the ridge. One of the varieties of this rock has been described by

Mr. Aikin 1 as a cellular claystone, the cavities in which have been so compressed as to give the

rock a waved and striped appearance. (Geol. Trans. Old Series, vol. i. p. 2.) Owing to the verdant

slopes upon the summit and sides of the Wrekin itself, there is little opportunity of detecting all

the varieties of which it may be composed, but towards the centre of the hill are some protruding

knobs of dark green compact felspar, passing in one part into granular felspar, in another con-

taining crystals of common felspar and small grains of quartz. The conical knoll of Primrose

Hill at the south-west end of the Wrekin, is a deep red syenite, graduating on the western side into

compact felspar rock, coloured green by chlorite. Of this rock are several varieties, some of which

assume a finely laminated arrangement, others are very imperfectly laminated, and are mottled dark

green and pink.

The stratified deposits through which the trap rocks of the Wrekin protrude, are of

the same age as the Caradoc sandstone : varieties of these strata are to be seen on the

flanks of the Ercal, Madox, and Primrose Hills, in highly inclined and vertical beds,

and the lithological characters are in some instances highly changed, as on the flanks

of the Caer Caradoc. The most striking example of alteration is where the sandstone,

preserving its bedded form, is changed into granular quartz rock, many specimens of

which being made up of pure white quartz, with particles of decomposed felspar, are

scarcely to be distinguished from primary granular quartz rock. This quartz rock in

the state of a brecciated aggregate, prevails in the knolls between the syenite of the

Ercal and that of Madox Hill. A beautiful example of this quartzified grit and sand-

stone is on the eastern, steep, woody side of the Wrekin, opposite to Willymoor. The

original lines of lamination are distinctly preserved, the beds varying from two inches

to two feet in thickness, and dipping 60° east-south-east, or away from the trap rock.

Quarries opened for the extraction of stone used in the manufacture of china 2

,
expose

the sandstone in various degrees of alteration and traversed by a great number of sym-

metrical joints. On the faces of some of these beds I perceived impressions resembling

the casts of shells and ramose bodies, probably coralline, but they were too indistinct

to be even generically determined.

There is also much of the quartz grit on the western slopes of the Wrekin, so that the same effects

have been produced in the sandstone on both sides of the trappsean ridge. Again, on the south-

eastern face of Primrose Hill are quarries, which exhibit in highly inclined strata, a passage from

a coarse granular sandstone, in parts micaceous and schistose on the exterior, to a hard rock, con-

sisting principally of grains of white and grey quartz, with particles of decomposed felspar. I have

yet described only that ridge which in strict geographical language is the Wrekin, but there are other

trap rocks which rise to the surface through the adjacent sedimentary deposits, in lines parallel to

the main direction of the principal eruption. On the north-western face of the hill, a long talus of

heavy clay and detritus obscures the relations of the strata for nearly two miles, but in the merl-

1 Geological Transactions, vol. i. p. 210, Old Series. 3 Coalbrook Dale.
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dian of Wrockardine, Rushton and Charlton, other lines of trap are met with, the major axis of

which, trending equally from north-east to south-west, has a greater length than that of the Wrekin,

heing traceable in protruding lumps which here and there rise to the surface in the tract between

Admaston Spring and Cound Cottage on the Severn. From the knolls above Admaston to near

Wrockardine, the chief rock is the same compact red felspar as that of the Wrekin. At Wrock-

ardine is another variety, composed of green earth, felspar, hornblende, and a little carbonate of

lime. At Lea rock, where cut through by the new Holyhead road, besides the pink-coloured

compact felspar, there is a mottled rock of the same materials with disseminated epidote, and this

passes into a porphyritic clinkstone. At Rushton, the trap which appears in and near the village,

consists of felspar, epidote, quartz, &c, and near it are quartzose altered sandstones, and veins of

pink and white quartz rock. At Charlton Hill there are several varieties, such as, 1. Porphyry,

i. e. grey compact felspar, with small crystals of common felspar; 2. Pink compact felspar rock;

3. Greenstone, almost basaltic ; 4. Dingy green-coloured rock of felspar, mixed with chlorite or

green earth; 5. Pink and brown mottled compact felspar, with grains of quartz (corneen?). These

rocks occupy the chief part of the hill above Charlton Mill, flanked by highly inclined, and altered

strata of shale and sandstone, through which they protrude, a considerable mass of the latter being

converted into quartz rock, (on the south-western slopes of the hill). From this point to the valley

of the Severn there is a considerable fall in the surface of the country, and the stratified rocks are

obscured by gravel, the depression being occupied on its western side by the Lower New Red Sand-

stone of Wroxeter, which extends to Shrewsbury ; and also by the little patch of coal measures

at Dryton, already described, p. 93. In the bed of the Severn at Cound Cottage, the line of the

trap rock was formerly exhibited in irregularly projecting lumps, which as they impeded the

navigation have been nearly destroyed, but when the river is low, their remains can be detected

upon the right bank. The rock is here a dull green trap of a very mixed character, with steatite

and veins of calcareous matter, some of it approaching to serpentine. The axis of this lineof trap

is further traceable across Cound Moor, by vertical and tilted beds of the Caradoc Sandstone.

The line of eruption, extending from Admaston to Cound, is not a prolongation of the Caradoc,

but forms a third and separate parallel between it and the Wrekin. (See Map.)

" Lilleshall Hill," (PL 1. fig. 15.)

This hill is nearly half a mile long, and about three or four hundred paces broad,

rising to a sharp summit about three hundred and fifty feet above the sea
1

. Its axis

trends from north-east to south-west, and it is therefore parallel to that of the Wrekin.

The greater portion of the hill, particularly the central and eastern, is a deep red syenite,

some varieties of which are coarse grained, others exceedingly fine, the latter passing

into granular and compact felspar, one of the knotty summits being a perfect hornstone.

On the whole the rock is similar to that of the Wrekin.

On the north-western face the trap is extensively quarried for the roads, the chief mass consist-

ing of slaty, pale green, compact felspar, coloured red externally by iron ; and further to the north

1 The summit of Lilleshall Hill has recently been ornamented by a monument, erected to the memory of

the late Duke of Sutherland.
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the bedded structure becomes still more decided, and the rock is a thin, flaglike claystone, dipping

eighty degrees north-west, in highly inclined beds. Towards the southern end of these great

quarries, the flaglike rocks are traversed by several dykes running from north-west to south-east,

issuing as it were from the body of the hill. The broadest of these dykes is about ten feet wide.

They are also felspar rocks, of dingy green and greenish grey colours, of a rough fracture, slightly

resembling certain trachytes, and are in part coloured purple by the oxide of iron. The inclosing

or contiguous masses of rock are much harder than the dykes themselves, presenting the appearance

of having been altered by the injection of the latter. Similar masses run in devious directions

through the trap of the Caer Caradoc. As both the mass of the hill and the dykes, are rocks of

igneous origin^ we have only to suppose that the latter are posterior injections filling up chinks and

cracks, and cutting through the body of trappsean or volcanic dejections 1
. The trap of Lilleshall

Hill has risen through thin-bedded sandstones, which are apparently of the same age as those of

the Caradoc. This sandstone is seen in several parts of the village of Lilleshall, particularly near

the church, where it is highly inclined, and unconformable to the carboniferous limestone. Some
beds belonging to the bottom of this limestone rise up upon the north-western face of the hill from

beneath the adjoining large mass of that rock, (see p. 107.) Although the relations of these beds

are not clearly displayed, they have certainly been affected by the trap, since in the prolongation of

the axis of the hill to the north-east, the limestone is thrown off to the north-east and north-west,

the axis of elevation being directly upon the prolongation of the line of eruption of Lilleshall Hill,

and also in the continuation of the great Lightmoor fault by which the whole coal-field and the

underlying Silurian rocks have been so powerfully affected. (See PI. 29. f. 15.)

Coupling the preceding observations with what has been said concerning the trap

rocks and dislocations of Coalbrook Dale and the Clee Hills, it may be affirmed, that

this district in Shropshire furnishes proofs of the alternate play and repose of volcanic

action during very long periods. These evidences demonstrate, 1st. That volcanic grits

were formed during the deposition of the Lower Silurian strata ; 2nd. That the Upper
Silurian rocks and Old Red Sandstone were accumulated tranquilly without a trace of

contemporaneous eruptions ; 3rd. That after their consolidation, the last mentioned

deposits were dismembered and set upon their edges by vast outbursts of intrusive trap

;

4th. That the carboniferous system was deposited after the older strata had been up-

heaved ; 5th. That subsequent dislocations, including some of the most violent with

which we are acquainted, took place after the accumulation of the coal measures, and
Lower New Red Sandstone.

1 If an illustration of this be required, the reader is referred to the writers who have described Vesuvius.

On the principal sides of Monte Somma, the ancient and extinct crater of Vesuvius, are numerous dykes of

lava penetrating in vertical and oblique directions, the former coulees and dejections of volcanic matter. These

facts were first pointed out to geologists by Sir James Hall. They have since been dwelt upon by Necker de

Saussure and other writers, and more recently by Mr. Lyell. I may here remind my readers, who are not

geologists, that the difference between the volcanic action at Monte Somma, and in Shropshire, consists in

this, that the eruptions in the former case are sub-aerial, in the latter they were sub-marine.
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Dislocations of the Silurian System and adjacent rocks in the district of Ludlow and

Wenlock.

Returning to the district in which the rocks of this system have been described and

where no trap rocks are visible, the strata of each formation trending from south-west to

north-east, succeed each other at low angles, generally inclined towards the south-east.

In the parallel of Wenlock Edge, the Ludlow rocks, the Wenlock limestone, and the

Caradoc sandstone, present a regularity of stratification and succession rarely, indeed,

seen in the secondary or tertiary deposits. Even there, however, we have abun-

dant proofs of great dislocation, principally where these rocks are traversed by the

rivers Severn, Onny, Teme, and Lugg. Such fractures are usually marked by much

local divarication in the strike and inclination of the beds. For example, on approach-

ing the Iron Bridge or Coalbrook Dale from the south-west, the Wenlock limestone

after various undulations, is found advancing from the Gleedon Hills on the right bank

of the river in a remarkable sharp ridge, called Benthall Edge, and trending E.N.E.,

W.S.W. At the north-eastern termination of that edge the beds dip 18° to the south-

east, being there brought into unconformable contact with the coal measures by the

great fault of Broseley. (See Map.) On the left bank of the Severn the same beds

of limestone are thrown up into another ridge, called Lincoln Hill, which though not

so lofty as that of Benthall Edge, is sharper and narrower, the strata striking nearly

N.E., S.W., and being inclined at angles of 50° and 60°. Not only does this great dis-

crepancy in the angle of inclination mark the existence of a transverse fault, indicated

by the deep fissure through which the Severn escapes, but the fault is further proved by

the divergence in the direction of the strata on the opposite banks, those upon the left

bank having a strike of 15° or 20° different from that of the beds on the right bank.

By this derangement, the Wenlock limestone of Lincoln Hill is accidentally brought

into conformable apposition to the coal measures ; thus offering a marked exception to

the relations usually existing between rocks so widely separated in the epochs of their

formation; indeed the same beds of the coal-field wrapping round the escarpment

of the Silurian rocks on the sides of Coalbrook Dale, are there placed in nearly

horizontal positions upon the edges of the highly inclined strata of the Wenlock shale,

distant only two miles from Lincoln Hill. The greater number of these dislocations

have taken place subsequent to the deposition of the carboniferous rocks, since the

latter have been powerfully affected by many great faults in common with the Silurian

rocks on which they repose.

Without noticing the minor breaks and faults in the upper Silurian rocks, let us pass to the south-

western extremity of Wenlock Edge near the gorge of the river Onny, where the strata are again

much broken up. At Dinchope, the Aymestry limestone and associated Ludlow rocks are thrown

over, dipping to the south-west and north-east, in a short, low ridge, at right angles to the general

strike of the strata. The same beds are upcast to a much higher level, forming the bold cliffs of



DISLOCATIONS OF THE SILURIAN ROCKS. 237

Norton Camp, on the left bank of the Onny, and dip due east 15°. In the still higher ridge on

the opposite bank of the river, called View or Yeo Edge, the Aymestry limestone again resumes

the prevalent south-westerly strike, the beds inclining 8° south-east, thus proving a great fracture

nearly at right angles to the chain, by which the limestone has been dissevered, and thrown into

the divergent directions which it now occupies on the opposite banks of the river. Between the

transverse valleys of the Onny and the Teme, the strata composing Mocktree Forest, are arranged

with tolerable regularity, the Ludlow rocks dipping to the east-south- east and south-east at slight

angles. There are, however, many exceptions to this regularity, each comb or recess in the escarp-

ment being, more or less, the seat of a minor fault. In several of these combs the Aymestry lime-

stone is exposed.

One of the most remarkable of these dislocations is at the Old Craft lime-works at

Mocktree Hays, where there is a complicated fault, by which a mass of the Aymestry

limestone 0*) has been thrown into nearly a vertical position, the lower beds abutting

against the edges of a mass of similar limestone, which has been thrust up between the

highly inclined strata and another dislocated mass. Each of these bands of limestone

(c) is capped by the stratum (&) charged with Terebratula navicula, and underlaid by the

pendle beds (<*) of the Lower Ludlow Rock.

29.

Other dislocations producing considerable changes of level are seen on the sides of the

comb by which the road from Leintwardine to Ludlow passes, of which this wood-cut

may convey a general idea, the observer being supposed to be placed on the west of

the escarpment and looking eastwards towards the Ludlow Hills.

30.

The gorge of the river Teme, at Downton, is the result of a third great transverse

fault, like the others affording evidence of a very powerful dislocation, by which the

strike and inclination of the beds is completely altered, for instead of an inclination of

8° or 10° to the south-east, as exhibited in most of the hills of Mocktree Forest, the

Ludlow rocks and included limestone on the banks of the Teme are wrenched round,

striking east and west, and dipping to the north in Tatter Edge at an angle of 40°, and

in Downton Gorge at 20°. The convulsion which gave rise to the gorge of the Teme,

is indeed, the same as that which determined the form of the Ludlow promontory.

2 G
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An axis of elevation ranging south-west and north-east, (from Wigmore to Ludlow,)

has elevated the Ludlow rocks into that remarkable promontory, the strata of which

dip to the north, east, and south-east. The elevatory forces having acted with the

greatest intensity along the interior or axis of the promontory, the shale of the Wen-

lock formation has been there brought up (PL 31. f. 5.) ; and being of less firm struc-

ture than the younger strata forming the external ridges, has been worn into a deep

valley in which there are only a few low hills. Towards the extreme point of the pro-

montory on which the castle of Ludlow stands, the intensity of the elevatory action

seems to have diminished, the youngest member of the Silurian System being alone

apparent, dipping under the Old Red Sandstone. (See Map.) This elevated mass is

indeed a fine example of a valley of elevation, and like most of the tracts so called,

it is strictly also a valley of denudation ; the lowest strata having been deeply ex-

cavated, leaving in the centre a level flat called Wigmore Lake, surrounded by the vil-

lages of Aston, Leinthall Starkes, Wigmore, and Burrington. This subject of valleys

of elevation, will be so amply illustrated in a subsequent chapter on the valley of

Woolhope, that it is here unnecessary to dwell further on the phenomena ; and the

probable condition of this depression in more recent epochs, will be spoken of under

the head of alluvial phenomena in the concluding chapters. In the meantime I may

observe, that this tract conveys to the geologist a clear conception of the abrupt manner

in which elevatory forces have affected the strata, particularly when viewed from the

high grounds of St. Mary's Knoll and the Vinnals, where two sides of the promontory

meet at an acute angle. On one side (see PL 31. fig. 5.) is the sharp ridge of Brindg-

wood Chase, composed of the Ludlow rocks dipping north at angles of 30°, and beneath

this escarpment a lower line of knolls, occupied by the Wenlock limestone and shale

extending to Burrington, the strata passing under the Ludlow rocks. On the other

or south-eastern face of the promontory, the movement has not been of this simple

character, but has produced a double system of ridges, in which the Ludlow rocks and

Wenlock limestone are each repeated, between an outer ridge ranging by Orelton

Common and Croft Ambrey, and an inner ridge occupying Gatley Coppice. In the

escarpment of the outer ridge, the angle of inclination increases with the height of the

hills, for at Whiteway Head the beds of Aymestry limestone dip 45° to the south-east.

(See vignette, p. 241.) A section across this promontory from north to south, as ex-

pressed in PL 31. f. 5., explains more intelligibly than pages of writing, the relations

of this interesting tract, which in geological language may be called a saddle, having

a double flap on the south-eastern, and a single on the northern side. Although

in general the strata of the Ludlow rocks dip outwards from this promontory, passing

conformably and at low angles beneath the Old Red Sandstone, there are some ex-

ceptions to this rule, caused by partial dismemberments. Such, for example, are seen

in several undulating knolls near Richard's Castle, and at the " Bone Well" near that

village, where a mass of the rock is thrown across the general direction of the strata,
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and dips to the north-east. The small outlying ridge of Ludlow rock and Aymestry
limestone which occupies Caynham Camp and Tinker's Hill, has been upcast on a

line precisely parallel to the axis of the Ludlow promontory, and like all the adjacent

ridges it has been broken by a transverse fissure, now occupied by the Lutwiche

Brook, (see p. 241.)

The last of the transverse gorges we have to notice in the Ludlow district, is that by

which the Lugg escapes from the Silurian rocks at Aymestry into the low country of

Old Red Sandstone near Leominster. Hence, as in every case cited, the river flows

in a fissure caused by dislocation ; for the limestone on the left bank is thrown up into

the Poor-house wood, dipping slightly to the south-east, and passing beneath the Old

Red of Lucton, whilst the same beds at the village of Aymestry on the right bank of

the river dip to the south. Similar instances of transverse fracture are found in all the

strata traversed by the above-mentioned rivers when we ascend any of them towards

their sources. Thus the strata on the opposite banks of the Teme, west of Leintwar-

dine, are tilted in divergent directions. He who, combining antiquarian with geolo-

gical research, seeks to determine the spot, where Caractacus and his Silures made
their last struggle against the Romans, may mark the line of dislocation in which the

Teme flows, by crossing from Brampton Bryan to Coxwall-knoll 1

. The strata on the

south bank dip 60° to the south-south-west, and those on the north, which support

the supposed camp of the British chief, are inclined northwards 40°, as represented in

this wood-cut.

31.

Other similar powerful dislocations are again seen between this site and the town of

Knighton, and the whole of the course of the Teme, if followed to its sources, equally

abounds in them. Again, there is no finer example of this phenomena than where the

Onny escapes from the upland and mountainous tract of Shelve and Linley. (See vignette,

chapter 22.)

The principal derangements of the Silurian rocks in one district have alone been

explained ; and from these statements, it appears, that every river course transverse

to the direction of the strata, has been determined by the fracturing of solid masses,

which have been once continuous. Although the description from p. 237 applies to a

district in which no trap is visible at the surface, we cannot view the ridges of Ludlow
and Wenlock as placed between two great fissures of volcanic outburst, the Clee Hills

1 This historical point is illustrated in. the Appendix, where it is shown that Coxwall-knoll could not have

been the scene of the last battle of Caractacus.

2 g2
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on one side, the Caradoc on the other, without believing that the fractures of the Silurian

rocks were intimately connected with those eruptions. This subject will, however, be

further illustrated in the sequel.

In addition to the deep fractures which have become river gorges, each ridge is

fissured, both longitudinally and transversely, by a number of minor faults, which are

indeed so common in all ancient rocks, that their existence would scarcely be worth

noticing, did not many of them show the manner in which they have become the seats

of springs and small streams, as will be detailed in the ensuing chapter.

By throwing the eye over the map, the reader may obtain some notion of the fre-

quent solution of continuity between the ends of the strata. A few of these have been

laid down on the map, to explain the extent to which the formations have been affected,

in one of the least disturbed of the districts over which the Silurian System ranges.

I would further only remark, that beyond the south-western extremity of the axis of

elevation of the Caradoc sandstones at Corton, the formation of the Ludlow rocks,

though without any traces of Aymestry limestone, is repeated in the hills of Hoptown,

Brampton Bryan, &c. Some of these are elevated undulating masses, which fold over

and pass under the detached fields of Old Red Sandstone of Norton on the south-west,

and of the forest of Clun on the north-west. In others, however, the beds are thrown

up at very high angles by powerful lines of dislocation occupying more abrupt posi-

tions than any deposits in the immediate vicinity of Ludlow, as for example in Hopton

Titterill, where they are vertical, with a strike from north-east to south-west. This

remarkable upcast (the effect probably of the outburst of the Caradoc,) serves to

explain how the Old Red outlier of the forest of Clun has been severed from the main

body of that system. (See pp. 190—193.) Further accounts of the dislocations by

which the strata of this age have been affected in their prolongation to South Wales,

will be found in the pages in which the structure of these tracts is described, and

usually following, as in this case, the description of the trap rocks of each district.

" Outliers of Ludlow Rocks."

" Tinker's Hill and Caynham Camp" ci Linley and Dean," near the Iron Bridge.

A narrow outlier of these rocks rises from beneath the Old Red Sandstone, one mile and a half

south-east of Ludlow. It is about two miles in length from north-east to south-west, and is

parallel to the main direction of all the Silurian deposits. The Lutwiche Brook, a tributary of the

Teme, flows through a gorge which bisects this little ridge, the south-western half being called

Tinker's Hill, the north-eastern Caynham Camp, their height being respectively 500 and 600 feet
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above the sea. Tinker's Hill rises on the south-west from the left bank of the Teme, near the

Saltmoor Well, and is chiefly composed of Upper Ludlow rock, the strata of which, though dip-

ping only 5° or 6° to the south-east at the south-western or low end of the hill, are thrown up to

angles of 40° and 45°. By this upcast a band of the Aymestry limestone is brought out on the

escarpment, and was formerly much worked, being in some quarries about forty feet thick. It con-

sists principally of small nodules enveloped in sandy calcareous shale, but occasionally united into

thick flaglike beds of grey or bluish earthy limestone. This sandy and argillaceous limestone is

much preferred to the purer limestones as a sub-aqueous cement, and for ceiling and plaster.

Among the fossils is the Terebratula Wilsoni and others characteristic of the limestone, though I

have not found the Pentamerus Knightii. This shell, so prevalent in the main escarpment, be-

comes very rare in the denuded patches on the exterior slopes of the Ludlow rocks, as they descend

towards the Old Red Sandstone in the vicinity of Ludlow, (Whitcliffe Woods, Sunny Bank, Palmer's

Cairn, &c. &c.) ; its disappearance therefore in an outlier still further removed from the principal

range of the rock is what might be expected. There can, however, be no doubt of the age of this

limestone, for at Caynham Bridge the strata pass up into true Upper Ludlow rock charged with

most of its peculiar fossils. The gorge in which the Lutwiche traverses the ridge, is a disruption

of the strata, for on the right bank, a large mass of limestone is thrown across the prevalent direc-

tion, dipping 35° south-south- west ; whilst in Caynham Camp on the left bank, the north-easterly

strike is preserved, and the same rocks are at a different level dipping to the south-east. The north-

eastern extremity of the hill, on which was the ancient camp, is round, the strata dipping inwards

with much contortion. In consequence of the destruction and denudation of the surrounding strata,

there are no evidences of the precise relations of this ridge of Ludlow rocks to the Old Red Sand-

stone through which it has been upcast, except on the side of the brook between Poughhill and

Caynham Bridges, where the Old Red Sandstone is highly inclined ; and again in a small knoll be-

tween Steventon and Tinker's Hill, where red and green marls and red sandstone are almost ver-

tical, thus affording proofs that their dislocation was affected by the movement which elevated the

ridge of Ludlow rocks, since similar beds of Old Red Sandstone appear on the adjoining banks of the

Teme, resting at very low angles and undisturbed, upon the Upper Ludlow rock.

The saline well in the flat at the south-western end of Tinker's Hill, issues most probably from

the Ludlow rock, as it is in a line between the ridge described and a part of the bed of the Teme

in which the same strata emerge from the thick cover of gravel and clay which overlay them in the

neighbourhood of the well.

Two other small contiguous outliers of Ludlow rock, occur on the right bank of the Severn near

the southern termination of the coal-field of Coalbrook Dale. The most southern rises from

beneath the Old Red Sandstone at Lindley, and throws off to the north-east and north-west poor

and thin coal measures. The more northern and more prominent of the two is nearly two miles

long, and about a quarter broad, extending from Dean on the west-north-west, by Darley and

Frith Coppice to near the Severn on the east-south-east. This mass is flanked by the upper coal

measures containing the freshwater limestone, (see p. 100.) At Dean Corner the beds consist of

thin lenticular masses of impure limestone and shale, probably equivalents of the Aymestry lime-

stone. They contain Terebratula Wilsoni and other fossils, and dip at a low angle under the coal

measures. On the sides of the woody Frith Dingle, the same and also lower strata are exposed in

horizontal layers, some of which are sandy and flaglike, and seem to represent the Upper Ludlow

rock \ others consist of flattened slightly calcareous spheroids, inclosing Terebratula JVilsoni
s

T. affinis, &c.
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The appearance of these outliers of Ludlow rock near Broseley are of theoretical in-

terest, as showing that the formation has extended under the coal-field ; whilst there is

great reason to think that the Old Red Sandstone thinned out towards the north, and

that the carboniferous deposits near the Iron Bridge, may have been originally deposited

upon Upper Silurian Rocks.

/



Whiteway Head, from a drawing by Mr. B. W. Evans (Aymestry Limestone, beds dipping to the S.E.).

CHAPTER XX.

SILURIAN SYSTEM {continued).

Joints of the Silurian Rocks.— Landslips.— Wells.—Agricultural characters of the

Silurian System.

Jointed structure of the Silurian Rocks.

The subject of joints has engaged the attention of many geologists. Even in the

early days of the science, De Saussure observed them in the rocks of the Alps, and the

phenomenon was not unnoticed even by our old native writers. Morton, for instance,

in his Natural History of Northamptonshire, describes long joints or fissures, as di-

stinguished from "gutters, gulf joints, &c," and distinctly points out their great use

to the quarriers, p. 124. to 136. In recent times MacCulloch attempted to give an

explanation of the joints in granite founded upon crystalline laws. Mr. Enys, followed

by Mr. Fox, described the granite joints of Cornwall, and showed that they had given

directions. (Phil. Mag. vol. ii. Third Series, p. 321 .) Dr. Boase has written much upon
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the joints of the same district, though he has not separated them from veins, while Mr.

De la Beche and others have contributed to increase our knowledge of this difficult

branch of geological inquiry.

Professor Sedgwick, in an able original memoir, has recently described those infinite

separating planes which constitute slaty cleavage, and has clearly pointed out the di-

stinction between them and the divisions of which we are now treating. Professor Phillips

has, however, more than any other geologist directed attention to joints, and has done

great service in methodizing the inquiry
1

.
Seeing the surprising regularity of the di-

rection of the master joints in the north of England, where the prevalent direction of

the strata is from north to south, he suggested that the east and west direction of the

former might have been communicated by some general polarizing or electro-magnetic

influence.

Once roused to a sense of the importance attached to jointed structure, the geologist

will find a new source of interest in every face of rock • he must now, indeed, perceive

that it is not enough simply to observe the strike and dip of the strata, he must

also note the direction and measure the angles of their joints.

Referring to the table in the appendix for detailed observations, I will here merely

state that the Silurian rocks contain, for the most part, two sets of prevailing joints,

ranging in lines nearly diagonal to the strike, or axis of elevation of the strata. These

diagonal divisions are usually symmetrical, and preserving precise relations, so in-

tersect each other, as to present a number of salient and re-entering angles in the

escarpment of every freshly opened quarry, as represented in the above vignette. They

are generally vertical (or nearly so) to the surfaces of the beds ; by which arrangement

the rock is split into a number of lozenge-shaped masses, which are more or less well

defined, according to the clearness and precision of the faces of the joints.

In some chains, indeed, but very seldom in this region, there are long fissures either

coincident with the line of elevation, or nearly at right angles, i. e. in the same direc-

tion as the dip of the strata. These doubtless may very frequently have resulted from

elevation of the strata "en masse," and they must not be confounded with the sym-

metrical joints of which we are now treating
2

.

I therefore confine my remarks to the dominant joints, which in the ridges under

consideration have fixed relations to each other, though those directions change with

every variation of the strike of the strata. Allusion has been previously made to

these joints as forming the backs of the quarries in the manner represented in the

above vignette. They are the natural fissures by which the quarrymen are more

1 See Phillips's Geology of Yorkshire, vol. ii. p. 90., and the same author's Guide and Treatise in Geology.

In these works the subject of joints is ably treated.

2 These fissures come more properly within the class of phenomena to which Mr. Hopkins has recently so

well directed attention, and are more naturally connected with the preceding observations upon dislocations,

entirely dependent upon lines of elevation.
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assisted in their labours than even by the division of the mass into beds, for as

the master joints extend to great depths, often traversing all the strata in straight

and well-determined lines, they are not only the greatest aids in the extraction of

blocks of stone, but also the surest guides for the line of work. In fact, if a sufficient

number of joints cross each other diagonally to the strike, and at right angles to each

other and to the laminae of deposit, it is manifest, that the mass of rock so affected is

split into symmetrical blocks; and as the faces of the joints are smoother and more

regular than the surfaces of the beds, they are ready-made cleavages which help the

quarryman's labours. The joints of the Silurian rocks are, for the most part, straight-

cut chinks, either slightly open, or filled with a little shale. Wherever sufficiently open

to be pervious to water, (as is frequently the case,) they present weathered faces even

when first cut into in a quarry, and hence also it is, that the small concretions exposed

on their surfaces, are constantly found to present certain lines of swallow holes, pre-

viously mentioned as common in the vertical faces of the Ludlow rocks, the less co-

herent concretions having disintegrated, even in subterranean positions, by the access

of water, which has percolated for ages through these natural channels.

Although the time has probably not yet arrived when we can distinctly assign a

cause for the formation of such joints, we may in the first instance endeavour to define

the epoch of their formation by reference to other phenomena. It has been pointed

out, that the Upper Silurian rocks, though in many parts deposited in straight bedded

layers, composed of varied materials, are also very prone to concretionary structure.

That structure was also shown to interfere abruptly with the laminae of deposit,

and so to truncate them, that there can be no doubt, the concretions were formed by

some chemical or electric action after the first aggregation of the surrounding strata.

In this way, therefore, we obtain evidence of two distinct successive operations as ex-

pressed in this wood-cut.

First the successive deposition of the materials composing the beds 1,

1

; secondly, the

arrangement of these materials so as to occasion particles of similar matter (limestone

for example, 2, 2,) to unite and form concretions distinct from the other laminae of de-

posit. But besides the beds and concretions, the joints of which we are now speaking,

are proofs of a third modification in structure, subsequent to both the others. This is

established by the fact, that the joints 3, 3 not only cut through the beds 1, 1, but also

through the concretions 2, 2. This is well seen in many deep quarries of the Wenlock

limestone, particularly at Lincoln Hill, near the Iron Bridge, where the joints descend

3
33.

2 H
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through both the surrounding beds, and the large included concretions or ball-stones,

enabling the workmen to contend more easily with these hard sub-crystalline masses.

It is thus demonstrated, that such joints resulted from one of the last changes super-

induced upon the strata after their deposit. As the same method of proof led Professor

Sedgwick to show, that the cleavage peculiar to slates is one of the last changes which

that description of rocks experienced, it might seem that joints and slaty cleavage are

of the same class of phenomena. That author is, however, of opinion, that although

they have both been caused by crystalline forces, joints and cleavage planes are to be

clearly distinguished from each other, and numerous confirmations of the truth of this

observation will be detailed in the subsequent pages, in describing the Silurian rocks of

South Wales ; where mountains affected throughout by slaty cleavage are shown to be

as distinctly jointed as these now under consideration (see particularly the chapter on

Caermarthenshire) . That these different effects may be due to the same cause is ren-

dered more intelligible by reference to somewhat similar phenomena. For example, in

a six-sided prism of quartz the planes of cleavage are distinct from those of the prism,

so that while it is impossible to cleave the crystals parallel to the plane of the prism in

the same way as slaty rocks cannot be cleaved parallel to the joints, so the quartz

crystal, like the older schists, may be cleaved ad infinitum in the direction of the

cleavage planes. Joints, indeed, have one property which alone eminently distin-

guishes them from slaty cleavage : the latter often maintains an unity of direction and

precision of parallelism, cutting through large regions, independent of the direction

or inclination of the strata • while joints according to my observations invariably alter

their direction with every change in the axis of elevation.

Judging from the known crystalline tendencies of various mineral substances, we

cannot doubt, that the composition of differently constituted masses has had a very

perceptible influence in predetermining symmetrical joints. Thus in all rocks composed

of a mixture of lime, clay, and sand, (impure calcareous rocks,) or in argillaceous or

sandstone strata, provided they are hard, joints are frequent and neatly defined ; but

in the same masses when incoherent, the joints are few, and so irregular in their

direction as seldom to be referrible to any given forms. Hence we may infer, that where

the strata have obeyed certain chemical laws, the cleavages are perfect, or approach

those of crystalline bodies ; but where those laws have acted less perfectly, they are

less defined. Should it be contended, that the direction of the joints must have been

connected with the elevation of the strata, (as without this hypothesis it is difficult to

conceive how the joints could have preserved such symmetrical relations to the. axis of

elevation,) it might be replied, that although the directions of the joints vary with the

dislocations of the strata, the different divisional planes may be all found to coincide,

provided the disturbed strata be readjusted in their original positions. Now some of

my observations would lead me to think that rocks of every age, if only hard and of a

suitable composition, have a jointed structure the result of crystalline action, and that
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the divergent directions in which the joints are arranged is the consequence of the me-

chanical process of elevation. On the other hand other data seem to render it probable

that these two causes so distinct in themselves have sometimes cooperated to bring

about the different directions of the joints. The latter inference is, indeed, forced upon

the mind on examining certain ellipsoids of elevation,—such, for example, as the

Wren's Nest at Dudley, in which the direction of the joints changes with every bend in

the external folds of the limestone. Many observations, however, infinitely more than

those which are offered in the appendix, are required to solve this problem.

Neither can it perhaps be yet satisfactorily determined, whether the crystalline divi-

sions in the mass were influential in inducing lines of elevation to take given directions;

or that the great lines of fissure have simply resulted from volcanic or gaseous efforts,

acting in different directions according to the greater or lesser resistance offered by the

differently accumulated sediments 1

.

That the crystalline structure was more clearly denned in the more consolidated rock,

is evident from the fact, that in soft clay or sandstone (London clay or New Red
Sandstone for example) symmetrical joints are rarely if ever discernible ; but when
masses of similar composition have been hardened, whether by heat under pressure, or

by pressure alone, they then present neatly defined joints. The phenomenon, as re-

sulting from heat, has been already adverted to in showing how the Caradoc sandstone

has been changed into granular quartz rock, and it will be further developed in the

description of the Stiper Stones and of the Lower Lickey, &c.

Seeing that strata so altered are more affected by joints in the proximity of the vol-

canic rock, than at a certain distance from it where they are simply sandstones, and
that precisely in proportion as they graduate into an incoherent state the jointed struc-

ture disappears, we can I think scarcely avoid inferring, that heat, whether issuing (as

in these cases) from an adjacent fissure of eruption, or proceeding on a greater scale

from a deeply seated source so as to permeate mountains, has been a prominent agent

in the formation of joints. These reflections, as far as my observations go, are ap-

plicable to rocks of all ages, and I have merely selected this opportunity to express my
opinion, because the formations of the Silurian group expose the phenomena clearly.

I shall in future chapters support these views by illustrations drawn from other districts,

and in the mean time I refer my readers who cannot travel in Siluria to the illustrative

1 Professor Phillips supposes " the direction of all lines of disruption to be explicable as a consequence of a

general force, applied to masses which in virtue of the divisional planes previously existing in them, presented

lines and points of least resistance ; the result modified by considerations as to the weighting of the strata."

(Letter to myself.) Mr. Hopkins, if I mistake not, confines his inquiries to the great fissures or faults produced

entirely by dynamical forces, which in elevating large tracts have produced cross fractures, &c. ; and though

not denying that the jointed structure of many rocks may have been caused by crystalline action, he does not

conceive that such a structure could have materially influenced the great lines of dislocation, the direction of

which he explains upon mathematical and mechanical principles. (See Cambridge Transactions, vol. vi. p. 1. et

sea., 1835.)

2 h 2
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wood-cut at the head of this chapter, to that of the Bone Well, p. 250, and to the

following view of the landslip at the Palmer's Cairn.

34.

The Palmer's Cairn, from a drawing by Mr. B. W. Evans.

Landslips of the Silurian Rocks.

There are some remarkable examples of landslips in the hills west and south-west of

Ludlow. As it has been already explained that the rocks in the Ludlow promontory

are thrown up on an anticlinal line, and dip away, sometimes at a considerable angle

on both sides from a common axis of elevation, it might be supposed, that this sloping

position was in itself sufficient to account for masses occasionally sliding down into the

lower country. This position alone is, however, inadequate to explain the phenomena 1

.

Two other causes have contributed.

1st. The number of joints by which the overlying rocks are divided. 2ndly. The

unctuous nature of the surface of the underlying strata.

The most striking landslip in the vicinity of Ludlow is at the Churn bank or "Palmer's

1 Landslips are in general simply subsidences caused by the shrinkage and wearing away of soft and decompo-

sing materials when overlaid by solid and heavy masses of rock. The south coast of the Isle of Wight abounds

in examples of these subsidences, where the pyritous nature of the blue clay, called gault, occasions its disintegra-

tion, and hence the overlying rocks of upper green sand slip down and form an undercliff. There are also many

similar subsidences at the escarpment of the oolite and lias in the Cotteswold Hills.
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Cairn," where large masses of the Aymestry limestone have slid down from the crest

of the hill into a comb, exposing the sloping surface of the Lower Ludlow rock over

which they have slipped, as explained in the above wood-cut. The area here affected

exceeds fifty acres.

The wood-cut exhibits the slope of the beds, and the joints which divide the rock into

lozenge-shaped masses : the thin layer of unctuous clay or "Walker's soap" which was

spread over the inclined floor of flagstone, facilitated the descent of the disrupted masses.

Of the two causes, the second or jointed condition of the strata has been perhaps the

most efficient ; and the descent of the masses would doubtless be aided by ordinary at-

mospheric agents, and perhaps determined by the breaking up of a powerful frost, &c.

The same causes have led to similar slips in other parts of the environs of Ludlow,

as on the steep external slope of the ridge called Brindgwood Chace, at a spot called

Wheeler Vallet's Wood ; while another has occurred in the grounds of Ferney Hall.

At the latter place the rocks not being inclined at so high an angle and not impending

over so deep a comb as at the Palmer's Cairn, have been slightly moved down the gentle

slope, but the joints of the rock have opened out to yawning fissures, extending over a

surface of about seven acres. These chasms being now well wooded are very orna-

mental. On my first visit to the country they appeared inexplicable or were generally

supposed to be old stone quarries, and it was not until I had seen the remarkable land-

slip of Ludlow rocks, in Marcle Hill, (to be described in the chapter on the valley of

Woolhope) that I became acquainted with the true causes of the open chasms of Ferney

Hall and the great slip of Palmer's Cairn. All these phenomena agree so closely, with

slight differences of scenery, that the description of one may serve for all. The slip of

Marcle Hill, however, is recorded by our old chroniclers and will be noticed at greater

length. Those in the environs of Ludlow may also have occurred in modern times,

but from their remote situations or the absence of local historians, the dates of the ca-

tastrophes have not been preserved
1

.

Besides these greater and more complex landslips of the Ludlow rocks, others of more simple

characters occur. One of the most striking cases of this sort happened about fifty years ago on the

right bank of the Severn, one mile west of the entrance to Coalbrook Dale, and destroyed a house

and barn. This was doubtless occasioned by the disintegration and subsidence of the incoherent

shale which here occupies the banks of the Severn. This shale forms the unstable support of heavy

overlying masses of the carboniferous rocks; and its partial subsidence is what might very naturally

have been expected. Several acres of ground were thrown into a highly varied outline, and now

compose little conical hillocks separated by deep hollows, the whole extending in a deltoid form

from the side of the hill whence they slipped, to the high road in the valley of the Severn.

1 Dr. Lloyd, who has proved so good a coadjutor, and who first directed my attention to the fissures at Ferney

Hall, has acquainted me that recently, on Mr. Duppa Lloyd's estate at Longville, a large mass of Caradoc Sand-

stone slid smoothly and rapidlydown from its parent seat. The strata are there inclined about 15°, and unctuous

clay underlaid the mass affected.
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The Bone Well, from a sketch by Mr. B. W. Evans.

Wells in the Silurian Rocks.

Having explained that the jointed structure of these formations often renders them
permeable to water, the natural springs are in such cases to be looked for only at low
levels. Thus in Ludlow Castle the artificial well by which the garrison was formerly
supplied is sixty-six feet deep, the rock being perforated to nearly the level of the
river Teme. The usual sloping position also of the Ludlow rocks, whilst it desiccates
the higher parts of the ridges, tends to produce natural springs near the foot of these
inclined planes, wherever the strata are affected by faults near the junction of the rock
and Old Red Sandstone. At such points also the low country is often loaded with clay,

which sustains the descending surface-water and increases the supply, which serves for
the welhpeopled tracts on the. outward slope of the Ludlow formation, and along its

junction with the Old Red Sandstone. The faults or dislocations, however, act more
particularly as dams to the water and occasion springs. One of the numerous
sources due to this cause is the "bone well" near Richard's Castle, about five miles
south-west of Ludlow, which has long been a wonder in the minds of the inhabitants.

Even in the early part of the 17th century, Drayton thus notices it in his Polyolbion :

" With strange and sundry tales

Of all their wondrous things
; and, not the least, of Wales

;

Of that prodigious spring, (him neighbouring as he past)

That little fishes bones continually doth cast."

London Edition, Folio, 1622. p. 105.
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The bones, however, are not those offishes, but principally offrogs
1

.

A mass of the Upper Ludlow rock, instead of dipping to south-east, or the lower country con-

formably with the adjoining ridge of Vinnalls Hill, is snapped asunder and plunges to the north. This,

like many other dislocations, has given rise to a collection of materials forming a wall or dam, which

prevents the descent of water and throws it out to the surface. (See wood-cut.) The water issues

from one of the joints before described, and as this joint is doubtlessly connected with many other

similar open cracks, which ramify through the higher slopes of the ridge, we can easily comprehend

how the minute bones of frogs or even of mice, living and dying on the adjacent hills, should from

time to time be washed down through connecting fissures and discharged at the first natural source

wide enough to afford them egress ; their occasional issue depending on floods, sudden thaws, and such

causes 9
. The geologist, indeed, is well aware that lines of fault are often traceable by the outburst

of springs alone. We may see a good example of this phenomenon in that denudated part of the

Ludlow promontory which constitutes the valley between Yatton Hill and Leinthall Earls, where
a land spring is always flowing copiously, the point of issue being precisely upon one of the lines

of dislocation previously described.

"The most remarkable springs of this country," says Mr. Lewis of Aymestry in a letter to

myself, "are the Lady-pools in Shobden Marshes, the property of Lord Bateman, where the river

Pinsley, a tributary of the Lugg, (whose limpid chalk-like stream you were so struck with below

the Church of Leominster,) has its origin. They are several in number, within an area of half

an acre, varying every day in form and dimensions, from ten to thirty feet across, and fourteen to

twenty feet deep. The water is very cold and clear, and fish are seldom observed near its source.

The copious supply of water is seen issuing from the bottom by the motion of little confluent cones

of fine sand which are continually thrown up, changing their shape, position, and magnitude every

moment, the motion suddenly ceasing in one place and commencing in another ; a jump, or even a

shaking of the ground (bog-land), will stop some of the sources and bring new ones into action ; so

that the bottom of the pools presents a continually varying aspect, which is really beautiful, and is

of course no small cause of wonderment to the country people."

I would attribute these issues (like other land-springs of which I have spoken) to the existence

of a longitudinal fault, which ranges from north-east to south-west, parallel to the great line of

elevation of the Silurian rocks. Such a fault barring the descent of the waters on the inclined

plane of Upper Ludlow Rocks would naturally throw up the water to the surface, and the form of

the country favours this view ; for the overlying rocks have been denuded, the strata from which

the water rises being simply covered by turf or bog.

The shales of the Ludlow and Wenlock formations, when well exposed, are seen in escarpments

only, and in that position they can seldom be the seat of natural wells ; but whenever they have sub-

sided into undercliffs or mounds, or occur on the sides of denudated valleys, and particularly when
covered by gravel or other detritus, they retain the atmospheric waters, and then the wells are ne-

cessarily of shallow depth and supplied with good water. In this, however, as in all tracts made

1 A small box full of the bones from this well having been examined by that excellent comparative anatomist

Mr. Clift, F.R.S., its contents have been pronounced by him to belong exclusively to the frog.
2 I was much indebted to Mr. Jones of Ludlow for collecting bones from this well. In the description of

the organic remains I shall further express my obligations to him, in common with Dr. Lloyd and Mr. Lewis,

for the donation of many valuable fossils of the Ludlow Rock.
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up of dislocated strata, the depth of the wells necessarily varies much within very short distances.

Thus at Clungunford, the wells being from four to seven yards deep, are pretty constant, while

at Wigmore, in shale of the same age, one source twenty-three yards deep occasionally fails, another

twenty-six yards being constant.

Mineral Springs.

The absence of all simple minerals except a very little iron pyrites in the Upper Silurian rocks near

Ludlow, renders it improbable that they should contain mineral springs. One, however, is known,

the nature of which may be implied from its name the " Saltmoor spring." According to a rough

analysis of Dr. Lloyd it contains the sulphates of soda and lime, with oxide of iron and sulphuretted

Irydrogen gas, but the supply of some of these ingredients is very uncertain 1
.

Although the bed from which this spring rises is not exposed, there can be no doubt that it is the

upper stratum of the Ludlow rock, since that rock is visible at the surface very near this spot, and

the well is directly in the prolongation of the edge of the outlier of Tinker's Hill, Caynham Camp,

and just where the Ludlow rock subsides beneath the Old Red Sandstone. It has been previously

shown that these upper strata occasionally contain sulphuret of iron, from the decomposition of

which the contents of the well may in great part be derived ; but I would further remark that the

spring, like others before-mentioned, is situated upon one of the lines of dislocation parallel to the

axis of the Ludlow promontory. This fissure, indeed, is a direct prolongation of the great basaltic

dyke which penetrates the adjacent coal measures of the Clee Hills. (See Map and p. 126.) In

chapters 26 and 27 I shall show that other mineral springs in Radnorshire and Brecknockshire in-

variably issue from such points of dislocation, particularly where rocks of volcanic origin have burst

through, fractured, and altered the sedimentary deposits. The same may be said of the Admaston

Spa near the north-western edge of the Wrekin.

Agricultural Characters of the Silurian Rocks.

Viewed as a whole, the Ludlow and Wenlock formations or " Upper Silurian " rocks

are so argillaceous, that where not covered by transported materials, their decomposition

gives to the surface a distinctive character. Thus no one can fail of being much struck

in passing from the Old Red to the Silurian System at the change in the colour, and the

diminished richness of the soil belonging to the latter. This observation, however,

requires explanation. The Upper Ludlow rock, for example, when composed of an ad-

mixture of sand, clay, and lime, may even he termed a good agricultural substratum

;

witness the produce on the slopes of the rock forming the external faces of the Ludlow

promontory, where noble trees
3
are rivalled by excellent crops of barley, oats, and turnips.

1 I should apologise to Dr. Lloyd for quoting his rough analysis. He observes that this Saltmoor water

closely resembles that of Harrowgate in medicinal properties.

2 The woods of Downton Castle may be specially cited, and the Spanish chestnut trees of Croft Castle are of

remarkable size. On the whole, however, the oak timber grown upon the Ludlow rocks is of less value than

that of the Old Red Sandstone. As specimens of the latter, see the venerable trees of Oakley Park and the

gigantic oak of Nun Nupton near Brimfield.
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There is a peculiarity in the soil of the Upper Ludlow rock which might surprise a land

surveyor unacquainted with the geological structure of the district
;
namely, its dryness,

or rather the rapidity with which rain is absorbed, a peculiarity seldom if ever observable

in soils containing so much clay. I attribute this property to the strata lying near the

surface, and being singularly full of joints and fissures
1

. The water having once passed

through the thin covering of earth, is rapidly carried off by these deep natural drains

;

the sloping position of the strata tending also to rapid desiccation.

On the other hand the lower members of the Ludlow and Wenlock formations being

soft and argillaceous, and subject to the drainage waters of the upper, are comparatively

cold and unmanageable tracts. Yet even this remark is subject to wide exceptions, for

in all those situations where the limestones of Aymestry or Wenlock appear at the

surface and afford by their disintegration a certain quantity of calcareous matter, its

intermixture with the stiff clays forms a soil which yields excellent crops of wheat.

The agricultural character of the Lower Silurian rocks differs much from that of the

overlying formations. In this region, where the best types are displayed, the distinction

is strongly marked as the observer passes from the valleys of clay or decomposed mud-

stone to the sloping ridges of Caradoc sandstone. These rocks, being for the most part

arenaceous, disintegrate to a sharp soil, not usually very productive, though in those

parts where calcareous matter is partially disseminated, a loam of fair quality is the result;

and often having a reddish tinge it is not very unlike some of the least productive of

the Old Red Sandstone soils. (Seep. 193.) Where the quartzose conglomerates or red

sandstones prevail the surface is sterile, and striking examples of this may be seen in the

Hoar Edge, in the hills of Netherwood, Church Preen, &c, and in the higher parts of the

ridges extending from Horderly by Wartie Knoll to Corston near Clungunford.

The soil of the Llandeilo flags is often very good, as might be naturally inferred from

the composition of the rock, but as the formation is seldom well developed in Shrop-

shire, (being seen only partially in a region of mines to be described in an ensuing-

chapter,) its agricultural characters are best studied in Caermarthenshire, on the banks

of the Towy near Llandeilo, particularly in the beautiful domains of the Earl of Cawdor

and Lord Dynevor.

In the large tracts of North and South Wales occupied by the Silurian System, there

are, as before explained, many districts in which calcareous matter is entirely absent,

and in such situations, the Upper Silurian rocks being mudstones, the quality and nature

of the soil may at once be understood. This argillaceous soil, usually of a dark grey

colour and sometimes almost black, (forming in many instances what the inhabitants

term " rotch" or rotchy land,) is generally cold and of little value (particularly in high

mountain tracts) , but where it contains a slight proportion of sand and lies upon

favourable slopes, it is not unproductive and is specially favourable to the growth of

1 Notably in the hills above Downton on the rock, Mocktree Hays, &c.

2 i
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timber. Wherever the sandy or quartzose members of the Lower Silurian rocks rise

from beneath this argillaceous cover, a sudden change is observable in the vegetation,

a wild heath or poor woodland replacing arable lands or luxuriant woods ; but where,

on the contrary, the Lower Silurian rocks happen to be calcareous, their points of pro-

trusion from beneath the beds of shale, as at Powis Castle for example, are very fertile.

Again, wherever trap rocks emerge, as in the Caradoc, Wrekin, Cornden, or Breidden

Hills, still greater diversity in the quality of the land is the result. Some of these va-

rieties will be adverted to hereafter, though in the mean time I would observe that in

general the decomposition of the trap rocks of this region is little favourable to vegeta-

tion, a circumstance which I attribute to the predominance of felspar
1

.

We thus see, that the agricultural features not only vary with each change in the

substrata, but are further dependent on joints, dislocations, fissures, &c. ; so that it is

impossible to offer an opinion applicable to a wide space of country, each district having

its own modifications. Among various qualifying causes, none have acted more gene-

rally than those operations of water, by which the surface has in many cases been strewed

over with gravel and fine loam, in others with boulders and coarse gravel; thus fertilizing

some tracts, whilst others have been impoverished. The first of these causes has most

frequently operated in valleys adjacent to great rivers; the latter occurs chiefly on

mountain sides or slopes. Such phenomena, however, will be described in separate

chapters towards the end of this work, and they are now alluded to merely to explain,

why many large districts which appear in the map as occupied by particular rocks,

have agricultural features very unlike those assigned to such formations
2

.

1 This remark is liable to exceptions, particularly in the spots where the trap contains much carbonate of lime.

In general trap rocks decompose to good soils.

2 I had some intention of rendering this work more interesting to botanical readers by giving (in the Ap-

pendix) a list of plants indigenous to the Silurian rocks, but the attempt was abandoned as unconnected with

geological inquiry. The mineral composition of rocks are, it is true, generally indicated by the plants upon

their surface ; thus it is well known that limestone bears a vegetation very different from that growing upon

sandstone or clay ; but it matters not whether the limestone be Silurian or chalk ; whether the sand be Caradoc

or New Red; the clay "Wenlock shale or lias. In short, lithological structure alone determines the vegetation,

whatever may be the geological age of the rock. For example, the Pyrola minor delights in the Ludlow rocks

both near Ludlow and at Abberley, but the same little plant, with its congener P. uniflora was first discovered

on the primary rocks of the Highlands of Scotland : both have since been found on the carboniferous rocks of

the banks of the Tees, and one of them even amid the oolites of Oxfordshire. The beech flourishes on the

Silurian limestones and on the chalk, while the Old Red clays of Herefordshire rival, if they do not excel, the

Gault and Wealden clays in sturdy oaks.

The Aconitum Napellus (common monkshood) has, I believe, been found native only on the banks of the

Ledwyche brook near Ludlow (Old Red Sandstone). But after all, substratal influence is constantly obliterated

by overlying detritus, and it is therefore difficult (except in naked and stony ridges) to trace any connection

between the subsoil and the plants.



View in the Longmynd Hills, looking E.S.E.,from a drawing by Mr. T. Webster, F.G.S. 1

CHAPTER XXI.

CAMBRIAN SYSTEM.

PART OF THE UPPER GROUP.

Mineral Axis of Shropshire.— Cambrian and associated Trap Rocks in the Hills

ofLongmynd, Ratlinghope, Linley, Pontesford, Lyth, and Haughmond. (PI. 31.

f. 4. PL 32. figs. 1, 2 and 4. PL 33. f. 1.)

Having described the Silurian formations in the district selected as a type, and also

the associated rocks of volcanic origin, I now enter upon the consideration of the older

sedimentary deposits and the intrusive rocks by which they are intersected.

From their great development in Wales, where throughout a course of one hundred

and fifty miles, they either flank unconformably, or rise out regularly from beneath the

Silurian strata, Professor Sedgwick has assigned to these rocks the name of Cambrian.

This vast system (of infinitely greater thickness than any other in the geological series)

is intended by that author to embrace all the older slaty rocks, and has been divided

1 The above vignette and some other illustrations of this work, including the wood-cuts 24, 26 and 28, are

taken from a series of characteristic sketches of this neighbourhood by that able geologist and accomplished

artist Mr. Thomas Webster, so long Secretary of the Geological Society of London. The drawings were made

in the early days of geology in England, and were intended to illustrate a work on Shropshire (never completed)

by Mr. A. Aikin, F.R.S., who liberally placed them at my disposal.

2 i 2
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by him into three principal groups. In this work I shall notice the highest of these

groups only, particularly where it is contiguous to the Silurian rocks.

In Shropshire there is no passage from the Cambrian to the Silurian strata, the

sequence having been interrupted by the outburst of volcanic matter which formed the

Caradoc and Wrekin Hills, as expressed in the sections, PL 31. figs. 3 and 4. This

eruption, which, as was previously stated, destroyed or obscured all traces of the Llan-

deilo flags, has also operated in excluding certain transition beds which elsewhere

unite the Upper Cambrian with the Lower Silurian Rocks. In this district, in short,

there is a great hiatus, for there are natural sections which prove, that the Cambrian

group described in this chapter has been thrown into highly inclined positions, before

the deposition of certain beds of the Silurian System. (PI. 32. f. 1.) Not so, however,

on the eastern slopes of the Berwyn Mountains, nor in Caermarthenshire ; where in

place of an abrupt collocation as in Shropshire, there are transitions downwards from

the Llandeilo flags, through black schists into the older slaty rocks under consideration.

(PL 32. f. 9. and PL 34. f. 3 and 8.)

In those districts it is obviously impracticable to draw a precise boundary line be-

tween the inferior beds of the Silurian and the uppermost strata of the Cambrian Sy-

stem, either by zoological, lithological, or stratigraphical distinctions. As a striking

example of this I may state, that the Bala or Berwyn limestone, placed by Sedgwick in

the Upper Cambrian group, contains several species of shells, figured in this work as

occurring (some of them very abundantly) in the Lower Silurian Rocks 1

.

In the meantime, returning to the consideration of the country under review, I shall

now give a detailed account of the Cambrian strata with the associated trap rocks, as

they appear in the Longmynd and other hilly ranges in Shropshire.

Longmynd, &c. PL 31. f. 3 and 4. and PL 32. f. 1. The Longmynd and contiguous

ridges on the west and north-west, comprising the hills of Ratlinghope, Pulverbatch,

and Linley, varying in height from 1000 to 1600 feet, consist of a vast succession of

strata of hard sandstone, grit, schist, and imperfectly formed slates, which are piled up in

mural forms, the beds being either vertical or in very highly inclined positions. The

strata constituting these hills have a direction from N.N.E. to S.S.W., and the various

ridges are of very unequal lengths. One of the longest is that which is prolonged from

the Linley and Pulverbatch Hills into the Lyth Hill, and finally into Haughmond Hill,

four miles north-east of Shrewsbury. These Cambrian rocks are flanked on the east and

south-east, and south, by the Silurian System and the trap rocks before described. On

the west, they are separated from the Lower Silurian Rocks of the mining district of

Shelve by a lofty ridge of quartz rock, called the Stiper Stones ; and on the north, they are

overlaid by the coal measures and New Red Sandstone of the Vale of Shrewsbury, as al-

ready explained in the sixth chapter.

i The shells which I have collected in the Berwyn Mountain and at Bala, (Upper Cambrian of Sedgwick,)

and which are common in the Lower Silurian Rocks, will be enumerated in the twenty-fourth chapter.
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Let us first consider the structure of the Longmynd or principal mountain of this

group 1
.

The stratified rocks of the Longmynd are sandstones, grits, schists, and imperfect

slates, of grey and purple colours, in which no traces of organic remains have been de-

tected. Although the outlines of these hills are round and waving, like those of most

slaty tracts, the strata are admirably exposed in a number of deep transverse ravines, or

as they are here termed " gutters
2," on ascending any of which the various strata are

seen on their sides.

On the eastern flank of the Longmynd or western side of the valley of Church Stretton, we first

meet with a zone of black and dark-coloured clay slate of fine texture. This rock is so shattered

and splits under the hammer into such cubical fragments that it is with difficulty a fresh fracture

is obtained. It is generally very glossy on the surface, very finely laminated, and traversed by a few

veins of white quartz and carbonate of lime. It is thrown about at very high angles of inclination,

being penetrated by numerous bosses of greenstone, which will be spoken of hereafter. The

succession of strata to the west of this clay slate, can be well studied in any of the transverse in-

dentations which diversify the outline of these hills, trending in parallel lines at right angles to the

strike. The following account may be taken as a general description of the order in which the

strata are exhibited, in crossing their edges from south- south-east to north-north-west.

1. Black clay slate.

2. Greenish compact slate passing into hard, greenish grey, micaceous, slaty sandstone, which breaks into cubical frag-

ments, in beds of two to four inches thick, veined with white quartz.

(Excellent examples of these beds are seen near the mouth of the carding-mill gutter above Church Stretton.)

3. Deep purple-coloured, compact slate, alternating with lightish green, hard, micaceous sandstone. This purple-co-

loured slate becomes from this point the predominant rock. It is very fine-grained and rarely micaceous.

4. Bluish gray, slaty, micaceous sandstone, alternating with the purple slate.

5. Dull, greenish clay slate passing into a compact rock, approaching to hornstone. There are countless alternations of

these beds, and a vast thickness of strata is exposed before we reach the higher grounds where the slates and slaty sand-

stones pass into

6. Purple-coloured grits and sandstone with nests of crystals of quartz and quartz veins.

7. Thick-bedded, quartzose conglomerates with a base of red and purple sandstone, containing disseminated mica, with

fragments and pebbles of grey and white quartz, varying in size from pins-heads to walnuts : some of the pebbles contain

cavities filled with chlorite. In other instances they have the appearance of having been altered by heat and indented

against each other.

These conglomerates and purple-coloured sandstones constitute the central masses of the Long-

mynd, and are succeeded on the west by alternations of similar strata (Prolimoor and Wentnor.).

They are again followed upon the north-west by various alternations of strata identical with those

described, and of which most of the beds of the rivulets between the crest of the ridge and Ratling-

1 Most of the Cambrian rocks have a mountain character. The summits of the Longmynd, for example, are

covered with heath and tenanted by the red or common grouse. Although it is generally considered that there

is no road across these hills, the venerable Earl of Powis, to whom a large portion of the tract belongs,

accompanied by Dr. Du Gard, recently passed over them in his carriage, and descended into the valley of

Church Stretton by the narrow track represented in the foreground of the sketch, p. 255.

2 Probably so called from the feeble rivulets which flow in them.
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hope afford instructive sections. Still further to the west the purple-coloured grits, sandstones, and

slaty schists again prevail, occupying all the hills extending from Linley to Pulverbatch. The red

grits (the compound sandstone of Dr. Townson) are evidently of regenerated origin, and often

contain many small fragments of older slate in a quartzose cement.

Besides these deposits of obvious mechanical origin, there are in the Longmynd, interpolated

strata of slaty felspar rock. These are sometimes so compact as to amount to hornstone ; in other

cases they are somewhat porphyritic, with flakes of green earth parallel to the lamination. Such

rocks might more properly speaking be treated of hereafter among the trap rocks, but it seems

impossible to avoid mentioning them, since they are conformably interlaminated with the sandstone

and slates. There are, however, also other trappean rocks chiefly greenstone and compact felspar

rocks, which as they jut through the inclined edges of the strata in irregular bosses, and exhibit,

all the marks of having been intruded, will be presently described. (PI. 32. f. 1.) I have said that

on the whole, these ancient stratified rocks have more of the slaty cleavage than any of the over-

lying deposits. The cleavage planes nevertheless, though marked upon the great scale, are not

always clear, consisting rather of a number of minute foliations, which collectively impress upon

the rock an ill-defined cleavage. In some of the combs towards the south-eastern end of the

Longmynd, there are excellent opportunities to clear up any obscurity respecting the true stratifi-

cation of the mountain, for we there see lines of true cleavage, and also of joints, traversing

the various stratified layers, of entirely dissimilar mineral characters. The line of deposition of

these beds is clearly marked by the ends of these stratified masses, each composed of different

materials, being exposed on the opposite sides of the " gutters" or combs. It will be shown

hereafter, that in this district these great masses of slaty greywacke have undergone powerful

movements of elevation anterior to the deposition of the Caradoc sandstones, the two systems

being placed in marked unconformability to each other, thus explaining the course of that great

break or interval to which allusion has already been made. (PI. 33. f. 1. and PI. 32. f. 4.)

The rocks which extend in the narrow ridge from Pulverbatch to Lyth, and Sharpstone Hills,

and reappear at Haughmond Hill, near Shrewsbury, are composed of one or more of the strata

above described, associated as in the Longmynd and Linley Hills with trap rocks.

Trap, altered rocks and veinstones of the upper group of the Cambrian System as seen in

the Longmynd and lAnley Hills, and their points of prolongation in Pontesford, Lyth,

and Haughmond Hills.

Having stated that the chain of verdant and round-topped hills called the Longmynd,

rises to a height of 1600 feet above the sea, that its major axis is nearly parallel to

the Caer Caradoc, and that it is chiefly composed of certain slaty rocks and conglome-

rates of the Cambrian system ; I proceed to describe the trap and altered rocks with

mineral veins which are associated with these old deposits.

Commencing with the valley of Stretton, we no sooner descend from the flanks of the Caradoc

and approach the sides of the Longmynd, than we meet with several outbursts of crystalline green-

stone, which cut through the black schist above described. One of the chief masses of this rock

is near Dudgley Cottage, about a mile north-east of All Stretton, and immediately to the east of
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Shrewsbury road. The dark-coloured schist around this boss of green-stone, and particularly as

seen on the sides of the high road, is in an indurated and brittle slate, and breaks into small shivery

fragments, with glossy surfaces having a purple plum colour. These altered and vertical strata ex -

tend to Church Stretton, where the protrusion of the trap rock and the hardening and fracturing of

the schist in contact, are remarkably well displayed at several points ; an excellent example oc-

curring near the spot called the World's End, opposite the principal inn.

The greenstone is hard, sometimes compact, sometimes crystalline, and is traversed by veins

of carbonate of lime. It rises in round knolls through the schistose beds, upon which it has

produced powerful effects ; the lamination being obliterated, and many of the thin layers cemented

into a mass of so indurated and compact a nature, as to resemble flinty slate. It is also traversed

by veins of white quartz and carbonate of lime. This altered mass splits into trapezoidal and cubical

forms, of which it is almost impossible to obtain a cross fracture. At twenty or thirty paces from

the trap, the schist, though violently contorted, has in some degree recovered its lamination, and

upon fracture the rock peels off in layers under the hammer ; but we must recede some hundred

paces from the intruding rock before the beds entirely recover their natural depositary characters

and become the ordinary dark gray schists or clay slate. The whole of the mass of schist around

the grounds of the Rectory is more or less altered, and two or three other knolls of crystalline green-

stone rise to the surface. In this greenstone are many crystals of iron pyrites. At Brockhurst

Castle to the south of Stretton, a thin dyke or course of greenstone has given to that wooded knoll its

picturesque form, and the beautifully varied outline of hill and dale in this romantic spot is due to

the same cause, the trap rocks and the associated indurated beds of depositary origin occupying the

summits, whilst the soft and decomposing shale and schist have been worn into deep dingles.

The Longmynd, as before stated, lies to the west of the Stretton Valley, and is watered by

several brooks, which descend in the deep " gutters running from north-west to south-east, and

offer transverse sections of all the rocks of which the Longmynd is composed. Two of these merit

description, as they develop the structure of the mountain. 1st, The brook which flows to Church

Stretton, 2nd, That which waters Little Stretton.

In ascending the former, and entering the region of hard grey and greenish-grey sandstone,

we meet with some protuberances of trap, followed by highly altered hard white and green

beds, either in vertical positions, or dipping 80° north-west. The trap can be detected at

two points. At the first, it is a pinkish amygdaloid, containing kernels of green earth in a base

of compact felspar. This is visible only in the bed of the brook, where the bedding of the

contiguous slates is entirely obliterated. At the second the trap, close to the amygdaloid, is

a dark-coloured, crystalline greenstone. The dislocation of the strata at this spot (above the

carding-mill), is very striking, and the rocks have much the character of true slates, being

very similar to some of the light green slates on the flanks of Snowdon. The ordinary composition

of the slaty sandstone and conglomerate of this mountain has been previously detailed, and I allude

to the old slaty aspect of the beds only, because it is principally displayed at points near which the

trap rock protrudes.

The defile which traverses the Longmynd from near the summit (where the trigonometrical pole

was fixed) to the village of Little Stretton, is, however, by far the most instructive of these

natural sections. In this descent, of about two miles, I enumerated upwards of twenty pro-

tuberant heads of trap. Some of them are bosses of considerable size ;
others, mere heads of

larger dykes, which rise for a few feet or yards above the stream, and are dovetailed, as it were,
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between the vertical and hardened beds of slaty greywacke, amid which they terminate upwards

thus,

37. The trap rocks of the Longmynd, are principally light and dark-coloured green-

stone, composed of compact felspar and hornblende; the felspar of some varieties

being coloured green by chlorite. White calcareous spar, both in veins and thin

flakes, and crystals of iron pyrites are of frequent occurrence. In one of the

bosses near the summit of the mountain, the greenstone is highly crystalline,

and contains acicular white crystals of common felspar, in a base of pale green,

compact felspar. This rock occurs between two feeders of the brook, at about

two thirds of the ascent from Little Stretton to the summit, and is the best ex-

hibition of trap in the section, being about 100 feet high, and of forms ap-

proaching to columnar. The highest point of rock visible, beneath the thick covering of heather

on the summit, is a highly crystalline, dark-coloured greenstone, which juts out from amid purple-

coloured sandstone and conglomerate. This spot is about 100 feet beneath the pole placed by the

trigonometrical surveyors to mark the highest point. Another variety of trap, observable about

midway in this section, is a concretionary rock of dull flesh, and dark green compact felspar, having

the mottled aspect of some of the varieties of the Caradoc chain, and passing into a greenstone. At
a few hundred paces to the west of the pole cottage, or summit, I met with a large block of rock

differing from all those yet described; consisting of separate portions of pink and grey, compact

felspar and quartz, in a base of smaller grains of quartz mixed with felspar. At first sight, this

rock had all the appearance of one of the conglomerates which abound in this part of the mountain.

After all, is it not possible that the included portions of quartz may originally have been pebbles,

which being enveloped in a trappean matrix, have been so acted upon by heat, that all the lines of

separation between the fragments have been obliterated, and the whole have assumed the characters

of a true concretionary rock ?

The prevailing strike of the vertical beds which constitute the chief masses of the Longmynd is

from north-east to south-west, but this deviation is subject to many partial variations amounting

sometimes to 25°. These aberrations seemed to me to be owing to the local protrusions of trap,

for on following the strata to some distance from that rock, the north-east and south-west strike

was found to be very persistent.

The thin bands of felspar rocks, which alternate regularly with the beds of slate, have been al-

ready mentioned (p. 256.). They would seem to belong to that class of contemporaneous trap rocks,

of which, so many clear examples are adduced in the Silurian System, and though here too ill ex-

hibited to be much insisted upon, they are identical with rocks of that character which occur amid

the older slate, and to which allusion has been made (p. 76.).

Hills of Ratlinghope.—The western and north-western slopes of the Longmynd consist of the

" compound sandstone," schist, and conglomerate, similar to those near the summit, and are here

and there intersected by masses of trap. Near the tops of the hills, north of Ratlinghope, some of

the latter jut out in hard pinnacles, and are of unquestionable trappean origin, being made up of

compact felspar and minute grains of hornblende, but they pass into other rocks, which appear to be

the prevailing coarse grits of the mountain in an altered condition with included fragments of in-

durated purple schist or slate. All traces of stratification are lost in these indurated masses, some

of which contain veins and druses lined with crystals of quartz, their surfaces being occasionally

coated with bitumen or mineral pitch. Besides the rocks of compact felspar, and the associated
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altered strata, there are several outbursts of crystalline greenstone, both on the east and west sides

of Ratlinghope, similar in composition to some of the varieties described in the eastern slopes

of the Longmynd. On the lower side of the hill called Belmont, a fine-grained variety is exten-

sively quarried for building purposes, for which it is better calculated than any of the indurated and

intractable slaty sandstones of this district.

The highly inclined and dislocated strata of purple schist and sandstone, which lie between these

protruding bosses of trap, are starred through in many directions by veins of white crystallized

quartz, which include fragments of the slate and sandstone, the surfaces of the cavities and

strings being frequently covered with thin films of grey and green carbonates of copper. These,

copper veins, commencing to the north of Ratlinghope, are common to the south-south-west as far

as Medlicott, where ore has been extracted by the Snailbatch company. Mr. Hawkins, of Ratling-

hope, has made trials near that village, but when I visited the spot, he had succeeded in discovering

only disseminated coatings and irregular strings of ore.

As similar strings, veins, and nests, containing copper ore, and sometimes accompanied by
anthracrite and bitumen, have been found at intervals all along the western side of the Long-
mynd, even in the similarly composed hills of Lyth near Shrewsbury, it is interesting to detect

them also at Ratlinghope and Medlicott, equally associated with and inclosed between rocks of

igneous origin.

In fact the whole of the wide tract included between the Longmynd and the Stiper

stones, and in which the red and purple slate and sandstones are so predominant, con-

tains at intervals cupriferous veins with bitumen and other minerals, particularly where

there are contiguous intrusions of trap rock. Thus at Norbury, between the trap rocks

of Wentnor on the one side and those of Linley on the other, copper veins are so

abundant that they were formerly much worked. In that district, these veins are of

high geological interest, for proceeding upwards from the slaty purple rock of these hills

they also penetrate the Caradoc sandstone, though the latter rests in unconformable and
slightly inclined positions upon the former. Thus, near Norbury, the vein containing

crystals of sulphate of barytes traverses the limestone beds, loaded with Pentamerus lesvis,

P. oblongus, and other Caradoc fossils. No copper veins of more than three or four

inches in width fell under my own observation. In one case these veins, though not

proceeding upwards, have been discovered to lie beneath the Caradoc sandstone and
limestone near Linley, by sinking a spring through those rocks, which gave forth water

strongly impregnated with copper 1

.

1 The mineral spring of Prolimoor near Wentnor, to which my attention was first directed by my friend Dr.

Du Gard of Shrewsbury, probably rises from altered Cambrian rocks, though it also passes through broken

Silurian strata. The surface at this spot is so much encumbered with drifted materials, that no acquaintance

with the substrata could have been obtained, had not the Earl of Powis recently endeavoured to improve the

spa by clearing away this detritus. I am obliged to Mr. Marston of Aston, who directed this operation, for

having furnished me with specimens of the Silurian rock, which I consider to be of the same age as the lime-

stone of Norbury, and I have also to thank him for having detected several points of trap in the adjacent hills.

In fact the surrounding strata are so riddled by trap, that I have no doubt this source owes its origin to the

intrusion of that rock and the consequent mineral changes in the strata affected, for the limestone alluded to

2 K



262 NORBURY AND LINLEY HILLS.

As the copper veins penetrate equally the slate of the Cambrian System and the

overlying Caradoc deposit, it is clear that their formation took place not only after

these rocks were consolidated, but also subsequent to those dislocations by which

they were thrown into their present relations. Indeed, the evidences in this neigh-

bourhood enable us to go still further, and to infer that the veins were in some way

connected with, if not resulting from, the intrusion of igneous rocks among the strata

:

for not only do we find the strata most veined and charged with ore when they are con-

tiguous to or included between such trap rocks, but we also see that the veins stop

where they meet with bosses of the latter, the ores of copper merely lining the adjacent

chinks and fissures. I particularly noticed this fact in certain quarries of green, granular,

and compact felspar north of the road between Wentnor and Norbury, and where,

besides the green and blue carbonates of copper, the cracks were coated with black oxide

of iron.

We may now proceed to consider the structure of some of the other trap rocks of

this immediate district, or those which have burst out in fissures through the strata of

the Cambrian System.

Norbury and Linley Hills.—These hills lie between the north-western face of the

Longmynd, with which it has been shown they are intimately united, and the remark-

able serrated and altered ridge called the " Stiper stones."

The elevation on which the village of Wentnor stands, at the south -western termination of one

of the ridges, affords an instructive example of their composition.

In the rugged road which ascends from the Walk Mill (Fuller's Mill) to the Church, the principal

mass consists of vertical, contorted, indurated beds of purplish-red sandstone and grit, of the same

nature as in the Longmynd ; and through their ends rise various wart-like bosses of trap, precisely

in the manner described in the Little Stretton Brook, (wood-cut, p. 259.) The trap is a greenstone,

in parts concretionary and amygdaloidal, but principally dark-coloured, and made up of compact

felspar and hornblende. The shale in contact has occasionally the aspect of Lydian stone, and the

sandstone is very hard and sometimes much veined.

Near Gravenor Bridge is a dyke twelve to fourteen paces wide, of dark-coloured crystalline green-

stone, containing small concretions of white compact felspar ; the sandstone in contact with the trap

is indurated. Several other protuberances of more or less finely or coarsely granular greenstone jut

out on the sides of Gravenor and Norbury Hills, marking the south-western prolongation of those

outbursts, which are to be traced to the north-west on the sides of a small brook as far as the

Bridges. On the eastern flank of the Stiper Stones, nearly opposite the centre of the ridge, is a

prominent mass of trap, a part of which is called the "Calf Knolls." It is nearly a mile in length

had coatings of grey copper. (See explanation of the origin of Llandrindod and other mineral sources in the

twenty-sixth chapter.)

Dr. Du Gard, who analysed this water many years ago, found the chief ingredients to be the muriates of

soda, lime and magnesia, the first in much the greatest abundance ; with minute quantities of the carbonates

of lime, iron, and magnesia, and a trace of vegetable matter. The proportions of saline contents probably vary

in different seasons.
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and composed of compact felspar rocks, very like those of the Wrekin and Caradoc, and passes

into greenstone. It forms a separate low ridge, divided from the higher quartz rock of the Stiper

Stones by a very narrow valley filled with much local angular detritus. 1 further detected one or

two other mounds of trap on the eastern side of the axis of the Stiper Stones near Linley Hall.

One of these on the left bank of the brook, is a patch of fine crystalline greenstone. Another is con-

siderably developed on the right bank in the wooded hills called the Knolls, which form a part of

the beautiful and diversified grounds of Mr. More. It is an amygdaloid, consisting of kernels of

quartz and green earth in a base of dark purple-coloured granular felspar, and passing from granular

into compact felspar, with crystals of common felspar and sometimes small grains of iron pyrites.

These hills of trap range close up to the quartz rock of the Stiper Stones as prolonged through the

Heathmont, and their juxtaposition to these altered rocks, both here and at the Calf Knolls,

must be borne in mind when we endeavour to explain in the next chapter the nature of the quartz

rock.

This line of altered rock and trap on the east side of the Stiper Stones, or one parallel to it at a

very little distance, is traceable along the Habberley Valley to Pontesford Hill and Lyd's Hole.

Between Kinnerton and Habberley the whole line of red and purple sandstone is much contorted,

and in parts so veined and indurated, particularly near Gatten Lodge, as to lose all traces of a

bedded rock. Where the bedding is discernible it has sometimes an angle of 80°, in other parts

vertical, the strike being generally 25° to 30° east of north, but in places north and south. The
veins contain carbonate of lime, sulphate of barytes, and traces of the grey and green ores of copper.

Pontesford Hill.—In following the line of altered rocks above described to the north-

east, and passing by the hollow filled with coarse alluvial detritus in which the village

of Habberley stands, we reach the well-known and picturesque hill of Pontesford, which
with its associated rocks at Lyd's Hole, forms the chief trappean mass of the district.

This hill presents a bold projecting headland towards the vale of Shrewsbury, and from

its prominent position, easy access, variety of composition, and beauty of outline, merits

a special description. (See the form of this hill in the view, p. 81.)

Nearly all the phenomena of the altered and veined rocks which have been detailed

as occurring on the south-western prolongation of this axis are here clearly exhibited,

the same appearances being apparent on the sides of Pontesford Hill; and in the narrow

gorge by which the Habberley brook finds its exit to the vale of Shrewsbury, particularly

on the sides of the rapids and waterfall of Lyd's Hole, we see in actual contact with

the concretionary trap, the purple and green sandstones, highly indurated, much veined,

in parts brecciated, and almost approaching to coarse jasper. Thin films of steatitic

matter or serpentine occasionally line the faces of altered rock, and the mica of the

sandstone has disappeared. Receding only a few hundred paces from these dykes and
shoulders of the Pontesford Hill, the sandstone, shale, and conglomerate, though in

vertical or highly inclined beds, have regained their usual characters, as may be seen in

the Oaks Wood, Plealy Banks, &c.

Other veined and altered rocks adhere to the north-eastern face of Pontesford Hill ; and nume-
rous trials have been made in search of ores, which, though found in small nests and veins, have

2 K 2
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never repaid the speculators. Similar adventures have been made amid the disturbed strata below

Lyd's Hole and with no greater success.

The central mass of Pontesford Hill is composed of trap rocks, which rise in a double bossed

outline to the height of 950 feet above the sea. The summit consists chiefly of a fine-grained cry-

stalline dark-coloured greenstone, with occasionally small grains of steatite and some quartz finely

asseminated. Near the south-west end of the hill and above the village of Habberley the rock

passes into a beautiful amygdaloid, having a base of dark purple compact felspar, and kernels of

calcareous spar and green earth. There are other varieties of this amygdaloid, which in the opposite

side of the hill pass into a grey porphyry. Some of the amygdaloids contain concretions of quartz

as large as hens' eggs. A common variety of the trap is a deep purple compact felspar, with much

lime both disseminated and in strings.

The dykes of trap laid bare in the contiguous chasm of Lyd's Hole, and which have produced the

alterations in the sedimentary rocks above described, are as follows

:

1. Small concretionary dark purple felspar with veins of carbonate of lime, occasionally coated by films of steatite or

serpentine : the concretionary structure being sometimes lost it passes into a simple felspar rock.

2. Dark purple and white amygdaloid, the base charged with iron and a little disseminated lime.

3. Pale green compact felspar rock, here and there inclosing small portions of schist.

Trap of Lyth Hill, Sharpstone Hill, and Haughmond Hill, near Shrewsbury.

Other parallel lines of trap, having a true south-westerly and north-easterly direction,

in conformity with the strike of the elevated strata of the slates and sandstone of the

Cambrian System, are observable at various points from the southern end of Lyth Hill

to Bayston or Sharpstone Hill near Shrewsbury.

At Stapleton Alms House is a dyke of coarse-grained crystalline greenstone, which throws off

vertical beds of purplish grit and sandstone ; and a similar rock is quarried on the south-western

face of Lyth Hill, near the spot where it rises in a conical form through the same sandstones and

grits, which at the point of contact with the trap are veined and contain druses coated with anthra-

cite and calcareous spar. Some of this anthracite is in a viscid state and runs out from the cavities

in the state of mineral pitch \ other portions are completely charred, resembling cinders. We shall

presently point out a much more remarkable instance of this phenomenon in similar rock at Haugh-

mond Hill. Traces of copper ore have also been detected.

In Bayston or Sharpstone Hill the trap forms small dykes, irregularly parallel to the strike of the

vertical beds of sandstone, schist, and conglomerate. It is there a greenstone both coarse and fine-

grained, being for the most part in a decomposing state ; with it is a conglomerate made up of

pebbles of quartz and indurated clay, with a base apparently similar to that of the trap.

Beyond these low hills, about two and a half miles south of Shrewsbury, is a depression in the pro-

longation of the Cambrian strata (the valley of the Severn), which is filled up with patches of the

coal measures at Sutton and Uffington overlaid and surrounded by much of the Lower New Red

Sandstone. (See p. 81 et seq., with view.)

Haughmond Hill.—This hill, rising from the low country of red sandstone and car-

boniferous strata as represented in the left hand of the view p. 81, is composed, like the
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Longmynd, of conglomerate, slaty sandstone and schist. It is cut through on its south-

eastern side (the Warren) by syenitic trap and greenstone, composed principally of flesh-

coloured felspar with some hornblende and quartz. The schist and sandstone near the

flanks of the trap are in vertical beds, striking due north-east and south-west.

At Ebury Wood, the northern termination of this elevation, another boss of trap has been laid

bare by clearing away the surrounding strata of altered and indurated strata. It appears that the

trap at this spot, protruding in a dome-like or sub-conical form, has thrown off the slate and purple

sandstone on all sides. These strata are very brittle, and break into prismatic fragments. Their

faces are sometimes coated with serpentine and films of anthracite. The trap is grey, granular

felspar, with very fine acicular crystals of common felspar and a little disseminated carbonate of lime,

It passes into a sandy-looking granular rock with small crystals of felspar and grains of quartz.

In ascending the hill from Downton and proceeding to the north-east we find the

slaty rocks in nearly vertical positions, and on reaching the summit of the " Warren "

they give way to and are entirely cut out by a large mass of trap, which there protrudes

in rugged lumps from ten to twelve feet above the turf. This mass is composed of

syenite and syenitic greenstone, as above mentioned, and is about a quarter of a mile

wide. To the north-east it sinks beneath indurated siliceous sandstones, passing

into quartz rock, in the same manner as on the sides of the Wrekin and Caradoc.

This line of eruption is parallel to that of Ebury, and although the trap is not visible

upon the surface beyond the Warren, the linear direction of the outburst is marked for

a mile to the north-east by a zone of dislocated and altered rocks, the last of which is

seen near the four cross roads between Haughmond and Ercal. The highly indurated

and apparently altered strata which appear in various parts of Haughmond Hill, whether

at the ascent near the Abbey or at the Criftin, are all indicative of changes similar to

those described in chapter 18. at the Wrekin, Charlton, &c.

The most remarkable appearance connected with the trap of Haughmond Hill is at

Downton, its south-eastern extremity. At a small knoll near the farm-house, the beds

of slaty sandstone are thrown off in opposite directions, as at Ebury, from an under-

lying irregular protuberance of felspathic trap, which has been .quarried down below

the ordinary surface of the adjacent ground, as rudely expressed in this wood-cut.

38.

a. Slaty schist and flagstone (Cambrian) forming the mass of Haughmond Hill. a*. The same resting upon trap, has

been cleared away from the underlying trap on the sides, b. Trap rising in irregiilar bosses, the schist in contact highly

altered, c. Vein proceeding from the floor of trap, filled with bitumen and fragments of schist, &c.
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The mass of the slaty rock near the trap o*) is very brittle and fractures into small

rhombs, externally dull blue, but of a greenish grey colour within. A few small flakes

of anthracite appear here and there with veins and nests of white quartz. At one point

above the nucleus of trap the quarrymen exposed and left standing (when I was last

there) a conical mass of slaty schist about twenty feet high, a great portion of the

surfaces of which was covered by bitumen, which had exuded from the interstices and

oozed over the inclined edges of the rock. On examining this mass more attentively,

I observed that the bitumen was supplied from a vertical vein or fissure, the greatest

width of which was about two and a half feet, and which proceeding upwards from

the trap terminated in a narrow channel, whence the viscid matter flowed over upon

the sides of the slaty rock, sometimes covering it in globular forms, sometimes in

black lines and films. The vein from which the bitumen exudes, consists of fragments

of the sandy slate itself, which are frequently cemented by the bitumen. The imme-

diate contiguity of the trap to the slaty rock is a most interesting discovery, and leads

very naturally to the belief that the same volcanic action which produced the trap may

have produced the bitumen, whilst it also explains the origin of similar phenomena in

Lyth Hill, the Longmynd, and other places in this district. The bituminous matter

thus occurring so frequently at points where trap rocks are intruded amid the strata,

might at first sight appear to support the theory of Breislack, who observing the abun-

dance of petroleum in the neighbourhood of volcanos, and the quantity given out during

their eruption, conceived that all volcanic operations might be due to the ignition of that

combustible in subterranean caverns, set on fire by the action of some third substance,

such as decomposing sulphuret of iron
1

. This hypothesis has not, however, been favour-

ably received by geologists, who consider such a cause to be quite incommensurate with

the great effects produced by igneous action. Without, however, entering further upon

the question of the source of volcanos, the frequent occurrence of mineral pitch in these

ancient rocks is undeniably a valuable link, in establishing the parallel between their

composition and those of modern volcanos, disposing us still more to adhere to the

belief of their common origin.

As Lilleshall Hill is the extreme prolongation of the trappean line on the eastern

boundary, so is this of Haughmond Hill the last evidence on the left bank of the Severn

of the continuance of this western parallel. Both these hills of trap rock are surrounded

by the New Red Sandstone, the strata of which rest in positions more or less horizontal

upon the vertical or highly inclined edges of the older slaty rocks, and have evidently

been deposited subsequent to these trappean eruptions. In a subsequent chapter, how-

ever, it will be shown that other trap rocks (on the axis of the Breidden Hills) have

cut through the New Red Sandstone.

In respect to the course of these ridges of trap rock in Shropshire, we have to remark

' See Daubeny on Volcanos, p. 357.
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striking deviations from parallelism, even in those cases in which the strata affected are

of the same age, and on the other hand, coincidences of parallelism between rocks formed

at different epochs. For example, in Haughmond and Lyth Hills, where the sedimentary-

deposits affected are the Upper Cambrian or oldest treated of in this work, the strike

is from north-east to south-west, or parallel to the axis of the Silurian Rocks, whilst

near Pontesford Hill, where the strata are mere continuations of those of Lyth and

Haughmond and throughout theLongmynd and Linley Hills
1

, the strike is N.N.E. and

S.S.W.; being a variation of 25° in the direction of the same beds in a distance of a few

miles. A similar direction to the N.N.E. is observed in the Lower Silurian rocks of the

mining region of Shelve and Corndon, whilst in the Breidden Hills, the strata being of

the same age, the strike is E.N.E. and W.S.W., making a diversity of 50° between two

contiguous lines of eruption. (See the Map.) In all these cases the strata belong to the

Cambrian and Silurian Systems, and some of the youngest members of the latter are by

reversed dips and renewed anticlinal lines repeatedly brought to day far to the westward

of their principal line of bearing in Salop, Hereford, Radnor, Brecknock, and Caermar-

then, as will be explained in the following chapters.

The stratified rocks described in this chapter (Longmynd, &c.) are lithologically

similar to, and probably of the same geological age as the so-called greywacke of the

Lammermuir and other hills in the south of Scotland. They may also be placed in

parallel with much of the greywacke of the north of Ireland, and with that of large

tracts in Somerset and Devon.

1 The strike of the Longmynd (N.N.E. and S.S.W.) is parallel to that of the Cambrian Rocks of North

Wales.



View from the south end of the Stiper Stones by the Rev. J. Parker of Siveeny.

CHAPTER XXII.

LOWER SILURIAN AND TRAP ROCKS {resumed).

Lower Silurian Rocks alternating with Volcanic Grits (Shelve &c).

—

Amorphous

or Intrusive Trap (Cornckm, &c.).

—

Altered Rocks and Veins of Lead.

— Quartz rock of the Stiper Stones. (PI. 32. figs. 1, 2 and 3.)

The lofty and rugged tract around the village of Shelve, including the adjacent parts

of Salop and Montgomery, is of high interest to the geologist, as it offers the clearest

evidences of having been the scene of long-continued igneous action, renewed at distinct

and successive periods ; whilst the position of the valuable metalliferous veins with which

it abounds, affords strong reasons for believing that they are due to causes connected

with the intrusion of volcanic rocks.

The chief mountain, the Corndon (1550 feet above the sea), occupies the central

ridge, which extends to the Grimmer rocks near Minsterley on the N.N.E., and to

Symmond's Castle, a projection from Todlethir or Taudley Hill, on the S.S.W. This

central mass, consisting for the most part of trap rock of intrusive character, is about
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seven miles long and is flanked on both sides by smaller parallel ridges of hard trap,

alternating with valleys formed in the shale and sandstone of the Lower Silurian rocks
;

the trap occupying the crests, and the softer parts of the sedimentary deposits the water-

worn depressions
1

.

In the low country which surrounds this tract on three sides, the Stiper Stones

forming the fourth, are the villages of Minsterly, Worthen, Chirbury, Church Stoke,

Snead, and Lydham. Although this circumjacent country is composed essentially of

Silurian rocks, it is succeeded at a very short distance to the north by the coal-field of

Pontesbury. (See pp. 81 et seq.) On the west the depression, in which is Morton Pool,

is occupied by the lower part of the Upper Silurian rocks, which rise into the Long

Mountain, 1330 feet above the sea. (PI. 32, figs. 1, 2 and 3.) The map and annexed

sections must be consulted to render intelligible the true nature of this district, since

any descriptions would fail sufficiently to explain its complicated structure,

This tract, like others hereafter to be noticed, contains two classes of trap or sub-

marine volcanic rock, i. e. bedded and imbedded, each of which is divisible into several

varieties. The bedded trap rocks frequently alternate conformably with sandstones and

flags containing organic remains ; whilst the amorphous and unbedded trap rises abruptly,

cutting through and generally dislocating the strata. In some instances, however, these

two classes seem to pass into each other. (See p. 277.)

" Volcanic Grits."

The stratified trap rocks occur at intervals on both flanks of the Corndon or principal eruptive

chain, alternating with regular sedimentary deposits. We proceed therefore to point out first a

few cases of such alternations, as they are older than the intruded trap. In traversing the various

parallel ridges between Wotherton and Marrington Dingle, till we reach the flanks of the chief

mountain, the following succession of rocks is met with, (PL 32. f. 1.)

1st. Beds of schist and sandstone (Chirbury and west side of Marrington Dingle). 2nd. Thick-bedded, mottled, felspathic

sandstones, dipping 15° beneath No. 1, and largely quarried along the eastern slopes of that gorge (Whittery quarries). The

upper beds, from one to two feet thick, are distinctly quartzose and felspathic, sometimes, though very rarely, containing

casts of shells, and are separated by courses of dark-coloured shale. Below these are beds, from three to four feet thick, of

mottled freestone, consisting of a light greenish grey, granular felspar, mixed with some sand, occasionally coloured dark-

green by chlorite, and entangling angular fragments of greywacke schist as well as porphyritic greenstone. 3rd. The

excellent building material, No. 2., passes down into a concretionary felspar rock, sometimes porphyritic.

This view of one of the Whittery quarries conveys a clear idea of the arrangement of such vol-

1 This outline of high ridges and deep furrows necessarily impedes the passage across the district, and no

effort was made before the year 1834 to open it out to the public by the obvious method of constructing a road

from north-north-east to south-south-west in one of the longitudinal valleys. This road, which was not com-

menced till nearly four years after my first visit, is now completed, and is already noticed in a beautiful quarter

sheet of the Ordnance Survey just published. Taking advantage of the longitudinal depressions, this road,

ascending from Minsterly by Hope Mill, passes in the hollow between Oakage and the Nick Knolls (see

PL 32. f. 1.) to the Grit Mines, whence it descends by the east and south of the village of Hyssington to the

vale of Bishop's Castle near Church Stoke. A direct communication is thus opened between Shrewsbury,

Montgomery, and Newtown,

2 L



270 VOLCANIC GRITS ALTERNATE WITH LOWER SILURIAN STRATA.

canic grits and breccias, their conchoidal fracture when first extracted being apparent in the loose

blocks of the foreground 1
.

Passing from Marrington Dingle to the east or south-east, we meet with the following alterna-

tions of rock

:

4th. Flags and shale. 5th. Stratified trap, breccia and grit, of which more will be said in describing other parts of the

district. 6th. Various alternations of shale and trap-tuf, which extend to one of the longitudinal furrows or denudations, the

surface of which is covered by yellow clay.

All these masses, except the last, are conformably inter-stratified, and overlie a system of black

flags, containing at Marrington and Middleton the Asaphus Buchii and other trilobites. A pa-

rallel zone of trap runs from the Lower House by Kinton to Wilmington, a distance of more than

two miles, and although clearly of intrusive character it may be here described to complete this

section. Between Rorington and Wotherton a quarry in this band shows it to be there thirty feet

wide. The upper and lower surfaces of the trap are precisely parallel to the beds of schist and sand-

stone dipping 60° north-north-west ; the trap itself not being divided into beds, but arranged in

masses more or less prismatic. It is an amygdaloidal greenstone in a decomposing state, the

kernels, about the size of a bean, consisting of calcareous spar and a few crystals of iron pyrites

disseminated through the mass. On following its strike to the north-north-east this band reappears

at Wilmington, where it has about the same thickness. Here, however, the mass is not decomposed,

and contains kernels of crystallized olivine and calcareous spar. In this, as in the former case, the

sides are parallel to the inclined strata, the trap arranging itself into four and five-sided columnar

forms, the ends of the prims being at right angles to the walls of sandy schist as expressed in the

wood-cut 44, p. 275. At a few paces distant from and overlying the dyke I found specimens of

Asaphi, the beds containing them dipping to the west-north-west.

Transverse sections to the flanks of StapelyHill, by Middleton, Rorington, or Meadowtown, ex-

hibit the black flags, with Asaphus Buchii and other species, rising from beneath all this system of

shale, sandstone, and trap, in the following order

:

8th. Black shale and true Llandeilo flags loaded with both the species of trilobite, viz. Asaphus Buchii and A. tyrannus,

so common in Caermarthenshire. 9th. Stratified felspar rock, almost compact. 10th. Volcanic grit and sandstone of dingy

green colour, passing downwards into felspar flags, with many fragments of trilobites. 11th. The same greenish grey flags,

but of a more crystalline aspect, composed of grains of felspar, quartz, and hornblende. These also abound in casts of tri-

lobites, the surfaces of the beds being also marked by branching bodies, fucoids? 12th. Black shale and sandstone.

In the whole of this series, as exhibited on the sides of a ravine, the strata are perfectly conform-

40.

From a drawing of Mr. T. Webster, F. G.S.

1 This stone is now coming extensively into use for building and is of excellent quality.



ORGANIC REMAINS IN VOLCANIC GRITS. 271

able, dipping to the west-north-west at angles of 40° and 45°. The junction with the amorphous

and massive trap of the Llanfawr and Corndon is obscured in the slope of the hills.

If another transverse section be made across the ridges and furrows of the hilly tract to the south-

east of Leigh Hall, we perceive other alternations of trap and shale. We here, however, find the

stratified masses thrown over in great undulations both to the west-north-west and east-south-east.

(PI. 32. f. 2.) The first of these, lying to the east of Leigh Hall, is a very remarkable rock. It is a

hard grey, regularly bedded, compact felspar, in parts porphyritic, containing fragments of indurated

schist, and passes into a rock undistinguishable from some of the concretionary traps. Calcareous

matter enters largely into its composition, frequently appearing in small crystals. It contains also a

smallEuomphalus of undescribed species and other shells. (See Euomphalus Corndensis, PI. 18. f. 16.)

Notwithstanding the regular bedding of this rock, in layers varying from eight inches

to two feet thick, and the occurrence of organic remains, I am convinced that like the strata

at Middleton and Marrington Dingle, it is of volcanic origin and formed of matter thrown

down from submarine outbursts, mixed with the usual exuvise and sediments of the ocean.

(See section, below the large map, indicatingthe method by which such rocks were formed.)

In the Notmoor and Lordstone Hills, on the anticlinal line of the Corndon, beds of the same

nature as at Leigh Hall, dip in a reversed direction. (PI. 32. f. 2.) On the summit of this

ridge are lines of regularly bedded concretionary trap, the upper and lower faces of the strata

being quite conformable to ordinary bedded masses of the shale and flagstone with which

they alternate. In hand specimens much of this trap might, without the aid of the lens, be

mistaken for a common grit, but it really consists of concretions of compact felspar, and contains

crystals of common felspar, hornblende, and iron pyrites, with a little disseminated lime. The

beds dip 25° to the east-south-east, and are from two to three feet thick, splitting into flags. At

Bromlow Callows, in the prolongation of these stratified masses to the south-south-west, there

are many other varieties, (see PI. 32. f. 2.) They consist of compact felspar with concretions of

felspar, some very minute, others as large as gourds, together with grey granular felspar, and finely

laminated volcanic sandstone. These and other trap rocks, in beds from two to ten feet thick,

alternate many times with shale. In parts the trap is somewhat of a breccia, enveloping fragments

of schist, in others it is coiled round lumps of schist in concentric folds thus,

the laminae of the schist following the form of the nucleus; 41.

but in this as in all other examples the bedding is distinctly

preserved, the dip being 45° to the east. a. Schist and flag-

stone, b. Volcanic grit, enveloping fragments of schist (c).

In a second quarry at Bromlow Callows, some beds of the

volcanic breccia pass into grit, others are complete green-

stone slates; in a third are cream-coloured claystones, with

concretions of compact felspar alternating with micaceous

sandstone. The harder sandstone and schist are generally

much fractured by vertical joints ranging north to south.

The section being prolonged from Bromlow Callows to

the east-south-east, (PL 32. f. 2.) passes over another low

parallel ridge, called Oakage, the strata of which are re-

versed, dipping 40° to the west-north -west. In this ridge

is much porcellanite.

2 l 2
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Transverse sections at the southern end of this district, i. e. from the Linley Hills to Taudley, pass-

ing near Hyssington, expose similar repetitions of bedded trap, sometimes forming distinct ledges,

which alternate with shale and sandstone, altered and unaltered. In these ridges and furrows the

dip of one range of high ground being to the west, that of the next is usually to the east, and gene-

rally at angles of 40°; so that by anticlinal and synclinal lines there is a folding over and repetition

of the same strata as in the Lordstone and Callows Hills, dependent doubtless upon parallel lines

of eruption. (PL 32. f. 3.) These ridges are prolonged to the north-north-west into low hills upon

the sides of the road near Grimmer, between Minsterly and Leigh Hall, where they subside,

together with certain bosses of amorphous trap which appear upon their flanks. At Hyssington

Common, near the other extremity of the chain, the lowest visible masses dip to the east, and

consist of thick and thin beds of light-coloured, felspathic conglomerate, occasionally containing

crystals of common felspar, but here and there becoming coarse with entangled fragments of schist.

These are overlaid, on the dip, by hard, dark grey or blue, felspathic amygdaloid, in parts assuming

a columnar structure. Though bedded on a large scale, this rock seems to have somewhat an irregular

direction, and to throw off the strata in a highly altered condition, including thin courses of white

china stone, nearly resembling the porcellanite of Whitsborn Hill. (See p. 275.) In following

these courses of altered rock, trap, and shale, to the old castle of Hyssington, the dip increases

from 45° to 70° and 80°
j but amid much contortion the strike is preserved to the north-north-east.

Between Hyssington and Hurdley, (on the flank of Taudley) the dip of the strata is again com-

pletely reversed, and they are inclined to the west-north-west 1
. In Sunny Bank is an outburst of

trap rock wholly unbedded, which is prolonged in low knolls to the east of Hurdley, throwing off

the strata sharply to the west. This felspar rock, both granular and compact, has a conchoidal

fracture and rude columnar form, and is fissured bymany rents and cracks ; it is in parts amygdaloidal,

with nests of green earth and crystals of felspar, and has been extensively quarried as a coarse

building stone. On the west this intrusive rock is again flanked by schists, whicl are overlaid by

thick and thin beds of the hard felspathic agglomerate, with fragments of schist, containing many

crystals of iron pyrites. These massive trap beds, which are also much quarried as road stones, dip

60° west, and are overlaid by slaty porphyry and grey granular felspar rocks, and highly indurated

schists, alternating in courses a few inches thick each. In Brith-dir to the north of Hurdley, and

on the flank of Roundtain, similar examples of alternation of trap and shale (the prolongation of the

same beds) are exhibited on a large scale. The trap is for the most part a mottled felspar rock,

with crystals of common felspar and nests of decomposed iron pyrites. It is worthy of remark,

that the strike of these linear masses from Brith-dir to Hurdley, or those on the eastern side of

Roundtain and Taudley, is very nearly north and south ; and those upon the western flank of those

hills due north and south, being a difference of 25° from the direction of all the other pro-

minent ridges of the district. This diversity or apparent folding round near the end of the chain,

seems to indicate, that the sediments have been thus arranged round the great centre of eruption of

this volcanized tract, dipping away from it on all sides.

A great many examples have been cited of the intimate manner in which the strati-

fied trap of this district alternates with the ordinary sedimentary deposits, to convince

the reader that such dejections must have taken place during the formation of those

Lower Silurian rocks with which the volcanic matter is interstratified. I would only

further add that these bedded trap rocks so completely assume the features predominant

1 The black shale at Llanerst contains trilobites.
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in all strata which have been equably deposited and symmetrically consolidated, that no

doubt can remain as to the nature of their origin. In these we find numerous joints,

diagonal, transverse, and longitudinal, having as precise relations to the planes of the

beds as any joints in sandstone, limestone, or shale; their course changing uniformly

with every variation in the strike and inclination of the strata. This point of coinci-

dence between the bedded trap rocks and the ordinary accumulations of sediment is

the more essential to keep in view, because the same symmetry is not observable in the

intrusive trap rocks
1

.

" Chief masses of Eruptive or Amorphous Trap.—Altered Rocks, fyc."

We now pass to the consideration of the principal masses of unbedded or eruptive

trap, which have dislocated at various points the sedimentary deposits and volcanic

grits, and thrown them into anticlinal and synclinal lines.

The structure of the chief mountain (Corndon) is best seen in its east and south-eastern

flanks in bold and rugged escarpments, large subsided masses of which encumber the

sides of the Hyssington Marsh. The rock is chiefly a coarse-grained amorphous green-

stone, of equal parts of compact, light-coloured felspar and dark hornblende, with small

crystals of iron pyrites; but in parts it passes into a finely granular basaltic rock.

If this be considered the principal axis of this convulsed region, we find that on both

sides of it there are other courses of eruption, producing parallel anticlinal lines of greater

or less longitudinal extension. Any transverse section from the western or north-

western flanks of the district to the Stiper Stones would pass over these separate anticlinal

lines, the strata on each side having reversed dips. These lines are in general directly

upon the prolongation of short ridges of intrusive trap. (See sections, PI. 32. figs. 1, 2

and 3.)

A transverse section from the neighbourhood of Woferton, Marton, or Wilmington, to any point

along the chief axis, not only exhibits a succession of fossiliferous strata as before described with

much volcanic grit, but also with unconformable protruded trap. Some of the most prominent

of the exterior elevations of trap occupy the " ridge," extending from the flanks of Marrington

Dingle to the north-east, through the Black Knolls to the Crest Hills. (PL 32. f. 1.) This ridge

has a length of about three and a half miles, and an average breadth of a quarter to half a mile,

except at the spot called -the "Black Knolls," where various small promontories of trap give

it a width of nearly one mile. Within this space the trap protrudes at many parts through the

shale. At Wotherton quarries (the westerly end of the trap) the nucleus of the hill is concretionary

felspar, passing into a greenstone c, which on two sides graduates into bedded felspar b and on a

third throws off shale a in dislocated forms, containing a vein of sulphate of barytes thirty feet

wide d, from which the mineral is extracted for use.

1 See chapter 20, in which the subject of jointed structure is considered.
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42.

In the Crest Hill and Black Knolls are the following varieties of trap :

1. Compact felspar rock. 2. Do. porphyritic. 3. Do. porplryritic and concretionary, with grains of hornblende, crystals

of common felspar, and iron pyrites.

Near the Crest Hill some of the traps exhibit clear proof of having been intruded into the shale

posterior to its consolidation, particularly in the ascent from Wotherton, where a porphyritic felspar

rock b bursts up through shale a containing graptolites, in the singularly irregular forms exhibited

in this diagram.

43.

This shale could not originally have been deposited in its present highly contorted and broken

form : but the peculiarity of the intrusion consists in this, that although the shale is much fractured

yet it is wholly what geologists would call wwaltered, being as soft and thinly laminated as if the

layers were in their original position. Here, therefore, where from the condition of the beds of

schist, and the irregular forms of the trap, there can remain no doubt as to the latter having been

forcibly intruded, we see that circumstances which we are unable to explain have prevented the

induration of the schistose strata so common in similar cases. Another line of trap, which must

have aided in elevating the ridge of Meadow town, terminates near Leigh Hall, and is instructively

exposed in the centre of Whitsborn Hill, (PI. 32. fig. 2.) at the north north-eastern end of which

it is largely quarried as a road stone.

44.

The trap has a maximum width of forty feet, but diminishes in parts to about twenty-four feet,

and is arranged in irregular columnar masses c, the ends of which are, as in the Kin ton dyke, at

right angles to the highly inclined beds of schist d. These beds lie immediately on the western side

of the great axis of the Corndon, of which Whitsborn Hill is one of the north-north-eastern spurs.

The trap consists, for the most part, of a dark greenstone, made up of felspar and hornblende, with

veins and flakes of white carbonate of lime, with thin films of asbestus, and crystals of iron pyrites.

This passes in the centre into a fine, hard greenstone, which, although without veins, contains car-

bonate of lime minutely disseminated. Another variety is a grey felspar, of a rough fracture, whilst

the exterior of the band is in parts a grey porphyritic compact felspar. These varieties show that

even in a mass of this size, it is difficult to assign any one descriptive name to the rock. We may

safely term this a dyke, although I am disinclined to use that term without explaining that the
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trap does not traverse or cut through the adjacent strata, but ranges parallel to their direction.

It is not, however, conformably interstratified, but presents an irregular surface and wedge-like

form; and further, the mass is not divided into beds divided by joints, but is made up of columnar

forms, terminating abruptly against the sedimentary deposits, which, to complete the proof of

intrusion of the trap, are highly altered on both sides of it. This dyke is interesting in presenting

an example of the alteration of the schists in contact h. Specimens of the porphyritic felspar can

be detached with portions of schist adhering to their exterior, almost silicified, some being dark, but

passing into a whitish cream, compact clay-stone, resembling porcelain.

It is arranged in fine laminae in all two or three inches thick, the lamination being occasionally

marked by lines of white calcareous spar. This band has a conchoidal fracture, and a surface as

smooth as the finest lithographic stone.

It is in fact the " brand erde " or burnt earth of the Germans, a substance which we

know has been formed by the combustion of beds of lignite and coal, producing a long

continued heat, which has acted upon the associated shale. In England the most curious

actual illustrations of this process are in the South Staffordshire coal-field, particularly

in the western suburbs of the town of Dudley, where the spontaneous and long continued

combustion of coal in the abandoned mines has produced, in the shale and sandstone,

a variety of burnt earths, which are of divers colours, some of them resembling riband-

jasper.

The proofs of the strata having been altered by the heat of this dyke, are conclusive ; for im-

mediately beyond this band of china stone, the beds are indurated and somewhat altered to the

thickness of about twelve feet, beyond which they pass into a micaceous, sandy, dark- coloured shale «,

sometimes slightly calcareous, the unaltered Llandeilo flagstone of the district. Although the beds

are hardened both above and below the trap, the overlying strata are the most altered. To the south-

south-west, this dyke is lost in the mass of trap hills which terminate in the Corndon, but to the

north-north-east it may be traced beyond Leigh Hall, where it finally subsides beneath the low

country in the form of an amorphous, coarse concretionary, felspar rock. The concretions sometimes

attain the size of a man's head, and being mixed with smaller lumps, the hillock in which they are

exposed has quite the appearance, on a superficial glance, of being a pile of drifted matter or "dilu-

vium." At this spot it forms the wall of a rich vein of lead ore, which strikes through the shale

upon the side of the balls or concretions trap. From the few specimens I obtained, the ore of

this vein appears to be of very rich quality, but its extent has not been ascertained 1

. Besides

the ores of lead, I observed crystallized sulphate of barytes, iron pyrites, &c. This is the only well

authenticated case of a good vein of lead ore having been found so far upon the western flank of

the Corndon and Shelve Hills ; for although similar trials have been made on the south-south-

western prolongation of this ridge of Whitsborn Hill near Rorington and Little Weston, they have

invariably terminated, after much expense, in discovering little more than appears on the surface in

many of the natural ravines of the district
;
viz., large veins of crystalline carbonate of lime, sulphate

and carbonate of barytes, &c. In the neighbourhood of Leigh Hall, are other lines and bosses of

intrusive trap. A remarkable one is close to the high road, east of the house and within one

1 The low level of this situation has occasioned the work to be stopped by water, but it has been recently

resumed.
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hundred yards of the bedded trap, described p. 271. Other masses of the same origin, consisting

of fine crystalline greenstone, appear at the Grimmer Rocks ; these throw off indurated schists on

both flanks. Between the Corndon and the hamlet of Priest Weston, is the bold promontory of

Llanfawr, throwing off the stratified deposits of Middleton. In this hill there are several varieties

of felspar rock, some dark green and veined, which pass into a fine-grained, crystalline greenstone.

Roundton or Roundtain, a hill, so easily distinguished throughout Montgomeryshire by its round

and knotty summit, consists for the most part of an "amorphous mass of greenish-grey, compact

felspar, of rough fracture, extremely hard and very slightly porphyritic. It contains carbonate of

lime, both disseminated and in small veins, with minute crystals of iron pyrites : one variety is a

dark-coloured very fine grained basaltic greenstone. This hill, like its neighbour the Corndon, is

precipitous in its east-south-eastern face, and towards the west and south-west, exposes rounded

protuberances of trap. One of these varieties at Brith Dir is an amygdaloid of granular felspar,

containing kernels of calcareous spar, and resembling a trap rock which occurs at the Cefn, a small

southern spur of the Breiddens -

} another is a mottled felspar rock, with crystals of common felspar

and nests of iron pyrites.

Todlethir (pronounced Taudley) Hill.—In this hill, and at Symmond's Castle, its south-western

termination, I observed

1. Dark greenstone, approaching to hornblende rock.

2. Porphyry, having a base of light-coloured compact felspar, with a few imbedded crystals of common felspar and horn-

blende.

3. Pale green porphyritic greenstone, having a tendency to columnar structure.

4. Greenstone, composed of equal parts of hornblende and compact white felspar, with a few crystals of pink common
felspar.

These are occasionally traversed by veins of carbonate of lime.

These hills, being direct prolongations of the Corndon, form the central and chief ridge of erup-

tion in this district) and their axis extends to the north- north-east through Stapely, by Bromlow

Callow to the Grimmer Rocks, where coarse and fine grained greenstones jut out in rugged low

protuberances, on the high road between Minsterly and Leigh Hall. The greenstone at Grimmer

has a tendency to columnar structure, contains crystals of iron pyrites, and throws off highly in-

clined beds of shale to the north-west and south-east.

The hills of the Rovereas and Squilfa constitute the eastern parallels of the southern part of the

district. The Squilfa is composed of coarse grained, light coloured greenstone, partly columnar,

the columns rapidly exfoliating at their edges ; it is, in fact, the Corndon in miniature. The Ro-

vereas presents, in its western face, also coarse grained greenstone, which differs from that of the

Squilfa in containing a greater proportion of dark hornblende and no white felspar. It is flanked

on the east by fissile, compact felspar, apparently arranged in vertical beds, which graduate into

decided volcanic grit or breccia, similar to that before mentioned ; and still further to the east are

the ordinary shale and sandstones of the district. If we try to follow the great basaltiform and

irregular masses of greenstone, of the Rovereas and Squilfa in the direction of these ridges to the

north-north-east, we soon find, as in the case of the Roundtain and Corndon, that the amorphous

rocks suddenly subside, and are succeeded by bedded trap rocks, trending in the same direction.

These are first seen in the hill of Cefn Gwynlle, and are prolonged to the north-north-east by the

Rynis gate, Pell Radely, Ritton Castle, &c. 1

1 In a traverse from the Squilfa, by Hyssington to Hurdley, and the flanks of Taudley, we meet with re-
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Although the volcanic grits or bedded trap rocks occupy linear ridges in this tract, and amor-

phous masses throw off the former in various directions, it is not always practicable to separate

with precision these two classes ; in fact the one is occasionally seen to graduate into the other.

Thus on the west and south-western face of the summit of the Corndon, the greenstone graduates

upwards into a thinly laminated rock, dipping to the west at an angle of about 35°, which has been

long worked for flagstones, the quarries having been opened to a depth of thirty to forty feet. The

lowest strata have a decided trappean aspect, fold in large conchoidal flakes over the underlying

greenstone, and from their composition must be considered as a sort of greenstone slate. These

flaggy beds, splitting to a thickness of three to four inches, are of a dull grey colour, have somewhat

a talcose and saponaceous feel, and a rough mechanical cross fracture. In the highest parts of

the quarry, or further removed from the trap, it is difficult to distinguish them from sandstone flags.

I could detect no organic remains in these beds, and I came to the conclusion that, though pro-

bably of an earlier date, they must, like others previously mentioned, have been formed during

submarine volcanic eruptions. Stratified trap of precisely the same composition, occurs in a similar

position on the south-western face of the greenstone of the Squilfa. {Dysgwylfa.)

These examples of transition from amorphous and massive, into slaty and bedded

trap, seem to me to be highly valuable in illustrating one of the processes by which

the rocks of this tract have been formed ; for when the submarine volcanos were first

in activity, they would naturally give rise to accumulations of finely levigated scorise,

mud and sand, which would necessarily fold in layers round the edges of the bosses

and cones of more solid igneous matter* Beds so formed would therefore be presented

to us as one of the last links in the approach of volcanic grits towards true trap rocks

;

and such I conceive to have been the origin of the flagstones of the Corndon and Squilfa,

which fold round the promontories, and pass into the intrusive greenstone.

Succeeding eruptions, of ephemeral character, but continued during long periods,

would -account for the numerous alternations of regularly bedded volcanic grit and

marine sediment we have described ;
while, during a third aera of great disturbance, the

amorphous trap being thrown up to great heights upon the same parallel lines of fissure,

would break up and heave the stratified rocks into those anticlinal and synclinal lines

by which this district is so beautifully diversified.

Principal Mining Ground.

The most productive mining ground of this tract lies around the village of Shelve,

which, although about 800 feet above the level of the sea, is still in a depression, being

flanked on three sides by hills composed of the trap and altered rocks already de-

scribed, and on the fourth by the lofty, serrated ridge of the Stiper Stones. The

petitions of the stratified courses of trap before described. The deposits in contact with the chief masses of

intrusive trap in the southern part of the district are often much altered and veined, particularly in the hollows

between the Roundtain and Taudley, where they contain nests and veins of sulphate of barytes, crystallized

carbonate of lime, quartz and traces of lead ore.

2 M
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necessary consequence of this configuration is, that the surface is wet, and the soil

cold and sterile ; for the waters descending from the surrounding ridges, lodge in this

upland cavity, forming pools and morasses. The drainage of the district is effected

by two small rivulets, which flow through the longitudinal furrows before mentioned.

One, the chief source of the Onny, rising at Shelve and in the Hyssington marsh, runs

to the south, and escapes by a narrow defile and fissure through the ridge of the Stiper

Stones near Linley. (See vignette, head of chapter.) The other, rising near the Gravel

mines, descends to the north-east by the gorge of Hope Mill, and falls near Minsterly

into the Rea, a tributary of the Severn.

From the eastern foot of Stapeley and Corndon Hills, the ground rises towards Shelve in low

undulations of sandstone and shale, which are traversed by several metalliferous veins wrought at

the " Grit " and " Gravel mines." In the " White grit mines" are three veins which run diagonally

across the strata somewhat in the form of the letter N. Of these, the central vein, called the Rider,

strikes from west by south, to east by north; the flanking veins, called the "Squilfa" and the

tf Engine veins," range from south-east to north-west, and by their direction are supposed to unite

with the Rider l
. The u Rider" and the " Squilfa" are the most productive, and are now worked.

The course of the " Rider" is marked on the surface by the protrusion of a mineral mass of highly

inclined, quartzy hornstone, three or four feet thick. These veins traverse the sandstone and shale,

the beds of which strike from N.N.E. to S.S.W. and dip 25° to the W.N.W. on one side of the

hill, and to the east on the opposite side. The engine shaft is forty fathoms deep, other shafts are

seventeen fathoms, but formerly the Squilfa vein was worked at seventy and eighty fathoms. The

veins are very irregular in width, varying from six inches to six feet, and hade at a high angle to

the S.S.W. There are two varieties of galena, the common and the steel grained ; also carbonate of

lead both crystallized and stalactitic. The other simple minerals are sulphate of barytes, crystal-

lized quartz, and chalcedony, with a little lime and blende, the former sometimes coating crystals

of quartz. The most beautiful mineral of these mines is the white stalactitic carbonate of lead 2
.

The ore in the grit mine is also frequently associated with a decomposed, black, sooty substance,

probably earthy oxide of manganese mixed with other materials, which sticks like paste to the ore

and cannot be separated from it without much washing. A fourth and much smaller vein, called

the "New Britain," runs nearly parallel to the strike of the strata, and is remarkable only in having

afforded white carbonate of lead very near the surface. In all these veins many separate strings

diverge from the chief body of u stuff," the best and richest ore being usually found in the bunches

or points of intersection. The ordinary ores afford six to seven ounces of silver per ton. These

mines, the property of Mr. More of Linley, are rapidly increasing in value, and when the contiguous

marsh of Hyssington and Corndon shall have been drained (see note, p. 281.), it is probable that

1 The Engine vein is not now in work, and the actual junction of the Squilfa with the Rider has not yet

been proved, though the works at the present engine are very near that point where, if not suddenly terminated,

they must from their direction unite. Captain Clements, the manager of these works, is of opinion that they

do unite, particularly as the Squilfa vein is beginning to twist round suddenly towards the Rider.

2 Dr. Du Gard informs me that some beautiful specimens of this stalactitic carbonate of lead, which I saw

in his museum, occurred in cavities of the mining ground, which upon being penetrated by the pick-axe were

found filled with water.



WHITE GRIT, GRAVEL, AND BAT HOLES.—LEAD MINES. 279

the veins will be found to extend further westward towards the eastern flank of the Stapely and
Corndon hills. This surmise is at all events warranted in this district by the constant recurrence

of vein stuff, where large masses of stratified deposits are contiguous to the chief ridges of intrusive

rocks. The Gravel mines lie to the N.N.E. of the Grit, and after having been abandoned for

some years are again coming into use. There are here three chief veins, two of which run more
or less across the strata, as in the Grit mine ; the third, proceeding from north to south, is only

slightly oblique to the main direction of the chain. The last mentioned is called the Roman vein,

and is said to have been worked to more than one hundred yards in depth by the Romans, whose
mining utensils have been occasionally found in the galleries. A highly inclined band of compact

felspar forms the wall or rider, and as this rises conspicuously above the surface it may have led to

the first attempts of the ancient adventurers. The works are distinguished from those of modern
date by the smallness of the drifts and the avoiding of those knots of hard rock which now give

way before gunpowder. This vein hades sharply to the east, and dividing into two branches,

passes through sandy schist, dipping N.N.W., which is so hard and micaceous as to resemble

certain varieties of mica schist. It contains cubes of iron pyrites and small veins of quartz.

The modern works have been sunk to the depth of 212 yards or 112 yards below the Roman
galleries, and it is probable that they will now be followed to much greater depths, a steam-

engine having been erected 1
. To the N.N.E. of the metalliferous ground of the "Grit" and

"Gravel" are the " Bat holes" and "Wood mines." These have been abandoned for some time,

but their geological relations are highly instructive. In one of the principal veins, the wall is

granular felspar with green earth ; and two contiguous bosses of crystalline greenstone, rising up
unconformably through the strata of sandstone and shale, cut off the productive veins. In fact

there has not been in this case a sufficient quantity of contiguous sandstone and shale to afford

ground for the production of extensive veins, the bosses of greenstone which form part of the

nucleus of the ridge of the Nick knolls and Santley Hill, rising up so very near the edge of the

little valley. (PI. 32. fig. 2.) This greenstone is highly crystalline, and breaks into rude columns.

It throws off the strata to the east and west on each side of the intrusive ridge, and, as noticed on
the side of the Wrekin and Caradoc, the sandstone on its western face is converted into quartz

rock, and fractured masses of the same adhere to the steep acclivities and summit of the hill.

China stone also occurs among these altered beds, some of which are horizontal, others broken,

inclined, and vertical. In the deep cuttings to make the new road between this spot and Hope
Mill, I found trilobites in the black schist and flag, identical with those of Llandeilo, with one new
species of Isotelus, and many shells in the sandstone similar to those of the Caradoc formation.

The veins were formerly worked at the Bat holes, but their productive qualities were found little

persistent, and it is said that they were always cut out by hard masses of trap 2
. Phenomena like

these have been also discovered in the shale on the sides of the intrusive masses of greenstone of

the Round Hill, Buckstone, &c, by numerous trials, which, though successful in detecting small

metalliferous veins and bunches of ore for short spaces, have been invariably stopped when the

works reached the sides of the ridges of massive greenstone (sometimes basaltiform) which rise up

1 It is probable that an antique pig of lead found in this district, and now in the possession of Mr. More of

Linley Hall, was cast by the Romans from lead extracted at this mine. It bears the impress, IMP. ADRIANI.
AUG. Its form is shorter and in every respect dissimilar to the shape of modern pigs of lead.

2 I was informed by persons formerly interested in these works that the veins frequently reappeared on the

opposite side of the intruding or sterile rock.

2 m 2
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between the Nick Knolls and the Stiper Stones, no mineral veins in this tract having been found

to penetrate trap rocks of intrusive character.

The previous observations apply to the western side of the mining tract. The eastern side, lying

between Shelve and the ridge of the Stiper Stones, includes the productive mines of Snailbatch,

Penally, and the Bog. The attention of geologists was first called to the rich Snailbatch mine by

Mr. Arthur Aikin, a short extract from whose able description in the Geological Transactions will

be found in the Appendix. I have only to add that it lies in veined schist and sandstone lithologi-

cally similar to those of the Shelve mines. On its eastern flank it is bounded by the Stiper Stones,

and on the west by a line of highly crystalline greenstone which forms a dyke along the foot of

Mytton's Dingle, the Black Hole, and the Crow's Nest to within a mile of Pontesbury. Although

this great metalliferous bunch lies to the north-east of the district of Shelve, yet as it is situated

between the ridge of the Stiper Stones and the axes of the eruptions of trap before mentioned, it

must be considered as forming a part of the mining system of these hills.

The Penally mines, about three quarters of a mile to the west of the crest of the Stiper Stones,

and about a mile and a half east of the village of Shelve, have been long abandoned, but are about

to be again wrought. One of the veins, running nearly east and west, is remarkable in affording a

spring of water of higher temperature than the other neighbouring springs, and has thus acquired

the name of "warm water vein/' Hence to the "Bog" mine the ground is more or less starred

with veins, though without the appearance of any trap rock near the surface.

In the Bog mine are three master veins, trending (like those of the Gravel, Grit, and Snailbatch,)

more or less at right angles to the direction of the trap ridges and the associated strata ; but

there are many branches which cross each other. These veins hade together. One vein was fol-

lowed till it reached the wall of quartz rock of the Stiper Stones, by which it was deflected, and

being followed for a certain distance along the side of the quartz rock was lost. The metalliferous

portions of these veins vary from six inches to two feet. The shaft was 200 yards deep when I last

visited these mines (1835), but the works have been since extended, and the veins are now pursued

to greater depths 1
. The mining measures, as in many of the other cases, consist of black shale

with quartz veins, and they dip westward or from the Stiper Stones. Many beautiful specimens

have been obtained in the Bog and Penally veins of the same simple minerals found in the Grit

and Snailbatch. Between these and the Grit mines the metalliferous veins are, in the language of

miners, " cut off by the shale." This fact is of importance in explaining the intimate connexion

between such veins and the intrusive rocks, for this intervening space, though surrounded by centres

of eruptive action, is so far removed from them, that the strata of shale and sandstone are little

altered, and therefore not penetrated by veins. In these beds I have found many remains which

unequivocally identify them with the lower rocks of the Silurian System. (See organic remains and

localities.)

The tract between Hyssington and Shelve is occupied by a number of alternate ridges of trap

and depressions in shale and sandstone. All these linear and interstratified traps in this part

of the district are regularly bedded, with the exception, perhaps, of that of Cefn Bank, which

is ill exhibited, and from its rounded form presents no distinct features. The other ridges, when

closely examined, present escarpments, the beds dipping away either to the W.N.W. or E.N.E.,

] My friend, Mr. Joseph Walker, one of the present proprietors of these mines, has furnished me with a

statement of their produce in different years. See Appendix, where the average produce of the whole tract

is also given.
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the strike of all being persistently to the N.N.E. The most marked of these hills are Cefn-y-

Gwynlle, the Bank, Mugglewick, Radely, and Ritton Castle. Cefn-y-Gwynlle, which rises to a

height of 1100 feet, is composed of greenstone and grey felspar rock (a sort of pseudo porphyry),

the latter passing into what has been called volcanic breccia, large masses of which are interlaced

with some schistose beds, and throw off others upon their flanks. This hill is full of small and poor

mineral veins which traverse the strata, and numerous trials have been made in various parts. One
of these trials was in progress from the western flank of the hill when I first visited the district

(1832). A gallery had been driven across the inclined strata and passed through the following

rocks

:

Yards.

1. Trap, consisting of greenstone made up of common felspar and hornblende with much carbonate of lime;

slaty in parts
, 40

2. Brecciated rocks 20

3. Thinly foliated black shale with white quartz veins 10

4. Compact flaggy felspathic rock (Query, indurated shale or compact felspar rock?) 40

5. Trap; greenstone with crystals of hornblende and felspar ; lime disseminated 12

6. Indurated schist, with many veins of quartz, containing crystals of iron pyrites. (Here a vein of lead ore

was met with.) 120

7. Vein stuff, containing sulph. of barytes, calcareous spar, and a little lead ore. This vein was very thin,

and being followed out to the north-east disappeared In a mixed shaly rock. The work proceeded again

in the same matrix as No. 6. but the trial entirely failed 1
.

Near the Rynis Gate, a cut recently opened by the new road has exposed a succession of trap-

pean masses alternating with indurated schist in the following ascending order, and dipping E.S.E.

at an angle of 40° to 45°.

a. Thick beds of felspathic breccia, containing fragments of indurated schist with crystals of iron pyrites ; some of these

pass into layers of grey and whitish colours so purely felspathic that no foreign ingredient can be detected : all the beds

cleave in the direction of the planes of lamination.

1 The most decisive proofs of the subterranean existence of alternations of trap and shale have been met
with in driving a tunnel to drain this wet and upland mining tract. The tunnel opens into the low country

near Leigh Hall, and as its course thence is to the south it necessarily traverses in a slightly oblique direction

all the alternating masses of rock which are interposed between its mouth and the mining ground. These
alternating masses are in fact the very rocks we have been just describing, and rise to the surface in the Cal-

lows, Notmoor, and Lordstone Hills. In 1835 the work had proceeded upwards of a mile from its mouth, and
had passed through the following rocks

:

Yards.

1. Shale, &c 120

2. White rock (the China stone described) 4^

3. Trap 56

4. White rock, as above (altered sandstone, &c.) ... 6

5. Trap 114

6. Shale and Sandstone 124§

7. Trap 297J

Yards

8. Shale ;6

9- Trap 6 i

10. Shale j 3

11- Trap us
12, Shale, &c 987

Yards 1977*

As this level had been for some years in progress, I had not an opportunity of examining the precise nature of

all the different rocks which were traversed. From the external features of the intervening tract which re-

mained to be perforated, it is probable that most of the hard rocks have been already cut through, and that the
work would reach the mining ground with few additional obstacles. This adit is seven feet high, and six feet

wide.
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b. The felspar rock is overlaid and underlaid by parallel layers of indurated schist splitting into irregular prisms and

rhombs.

c. Greenstone highly crystalline, very ferruginous on the exterior : it forms the cap of the indurated schist. In a few

yards the bedded rock (a) is repeated, having quite a subcrystalline character with crystals of felspar, yet entangling very

large fragments of indurated schist. This point is the south-south-western extremity of Mugglewick Hill.

If we examine the ridges between Mugglewick and the Stiper Stones, we perceive that in the

short space of half a mile the inclination of the strata is completely reversed, and that they all dip

away from the Stiper Stones at 45° and 40°. In Pell Radeley no distinct signs of stratification can

be detected ; masses of hard porphyritic and other felspar rocks appearing through the turf in irre-

gularly columnar shapes. These rocks are within 200 or 300 paces of one of the boldest and most

broken points of the quartz rock of the Stiper Stones. In the Brook Hill, however, and in the

parallel ridge of Ritton Castle (PL 32. f. 2.), trap and shale are as clearly interstratified as any we

have mentioned, and both dip at rapid angles to the north-west. The Brook Hill may be considered

the prolongation of Cefn-Gwynlle, and in it we see various bedded felspar rocks plunging under

those of Ritton Castle. In the latter are thick beds of concretionary felspar rock, passing upwards

into felspar breccia like that so often mentioned, and these, after alternating several times with

sandstone and shale, are overlaid by highly ferruginous, thinly laminated schists. A vein of lead

ore crosses the alternating beds of felspar, breccia, and shale, but does not appear to continue to-

wards the mass of true trappean rock ; a gallery was formerly driven in, but is now abandoned.

This vein is two to three feet wide, and is directly at right angles to the strike of the strata, which

are at this point a little deflected from their regular bearing of N.N.E. to E.N.E. They dip 45°

N.N.W. To the north-east these stratified traps of Ritton Castle are lost in the low, wavy ridges

which only slightly diversify the arid moorlands, between the mining district of the Bog and

Penally on the east, and that of the grit and gravel mines on the west.

I have thus attempted to give a sketch of the manner in which this district is tra-

versed by a variety of veins which are more or less productive of lead ore. In a plan of

Mr. More's of Linley Hall, the chief proprietor in this district, upwards of twenty-four

are laid down in the district of Shelve alone, excluding the tracts around the Bog and

Penally ; so that, comprehending the principal portion of the mining ground, we may

say that it contains upwards of thirty metalliferous veins which have been profitably

worked. Adding to these the numberless poor and small lead veins in the extremities

of the district, and all those which although containing only sulphate of barytes, quartz,

and lime, have been produced by the same causes as those which bear lead, we shall

find there are few tracts of given extent in any part of the world which are veined to a

greater extent. Whilst all the masses of trap rock, whether intrusive or interstratified,

range parallel to the strike of the associated strata, viz. from N.N.E. to S.S.W., the

metalliferous veins are in most cases transverse or oblique to such direction. In some

instances, indeed, they are only very slightly oblique to the strike, as in the Roman

vein, but in the great majority of instances they are more obtusely transverse to the

prevailing direction of the strata, or radiate as it were across those beds of surrounding

shale and sandstone which are contiguous to bosses of intrusive greenstone. In no

instance, however, do they continue through the latter. At the same time they occa-
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sionally pass through some of the stratified volcanic grits which have been shown to be

contemporaneous with the strata of the Lower Silurian rocks. With these facts before

us, there is surely nothing unreasonable in the theory which assumes, that whether these

veins have been formed by electricity, galvanism, or other chemical agency, they were

intimately connected with volcanic or igneous agency. That the intrusion of volcanic

rocks has been one of the principal causes in the production of these veins is, indeed,

strikingly apparent from the fact, that in proportion as you recede from these outbursts,

the veins become scarcer and finally disappear ; whilst the great mass of them occurs

precisely in that portion of the sandstone and shale which is most furrowed by linear

eruptions. Again, when we quit the western flanks of this volcanized tract, we leave

behind us all the veins, the great undulating Silurian masses of the Long Mountain

being entirely exempt from such ; but no sooner do we approach the Breidden Hills,

another volcanic chain, than veined stones are once more abundant in the altered and

contiguous strata. (PL 32. f. ] .)

The Stiper Stones. (PI. 32. f. 1,2, and 3.)

(See the opposite view 1
, and the vignette at the commencement of the chapter.)

There is not, perhaps, a more singular feature in the physical geography of England

than the Stiper Stones. These rocks are made up of a number of broken and

serrated ledges, jutting out to form the summits of the hills which flank the vol-

canized mining district of Shelve, at heights varying from 1500 to 1600 feet above

the sea. They stand out on the crest of the ridge at short intervals, like rugged

cyclopean ruins, some of the principal of which are about 50 or 60 feet high, and

about 120 or 130 feet in width. The slopes of the elevated moorlands from which they

protrude are covered with coarse detritus of the same rock. The main range of the

serrated points is from N.N.E. to S.S.W., and therefore conformable to the strike of

the adjoining district of Shelve ; but when examined in detail, this ridge is found to be

intersected by a number of transverse faults, dividing it into separate masses, some

trending 25° and 30°, others only 10° and 15°, to the east of north and west of south.

Passages across the ridge are of course most easily made in the hollows between these

disjointed " serrse" of quartz rock, as, for example, by the mountain track to the east

of the Bog mine. The only fracture, however, which has produced a deep gorge is

that by which the river Onny escapes from the upland district of mines. The Rev.

John Parker has enabled me to present to the reader, the contrast between this rug-

ged mass of quartz rock on the north side of the gorge, and the rich woody demesne

1 The accompanying view, for which I am indebted to Mr. A. Aikin, was drawn by Mr. Webster,

a perfect notion of some of the most northerly of these masses overlooking the vale of Shrewsbury.

It gives
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of Linley watered by the stream issuing from the defile. (See the vignette at the head

of this chapter.)

Although the Heathmont, west of Linley, constitutes geologically the south-western

termination of this ridge of quartz rock, and Pontesbury their north-eastern extremity,

thus giving the range a length of ten miles, the central or lofty portion for about four

miles is alone known in the country under the name of the " Stiper Stones."

When I first examined these rocks, I felt a difficulty in comprehending their true

nature, not being at that time acquainted with those of similar structure, which on the

flank of the Caradoc and the Wrekin have been proved to be simply altered deposits.

A second visit to this ridge dispelled the obscurity. Instead of a chaos of broken

masses, split by numerous joints which had become open fissures, and piled up in heaps

very like the grouping of certain basalts, I was then able to trace lines of stratification,

which although obscure in the centre of the masses, marked a dip to the N.N.W.,

varying from 40° to 70°. Though many large loose blocks have rolled down on both

sides of the ridge, they are in much the greatest abundance on the eastern face, where

they have fallen from the escarpment and are strewed down the steep slope in deltoid

e£ ecroulemens."

The rock of the Stiper Stones is quite analogous to that of the Wrekin and of the

Caradoc, exhibiting passages from compact and granular quartz rock into quartzose

grit and sandstone having a regular bedding. In its most crystalline form it is in-

tersected by numerous veins of vitreous quartz, and when weathered, numerous small,

white facets of quartz crystals are exposed, in vivid contrast to the dull brown colour of

the heath on which they lie. That these are merely fused sandstones, in which the

traces of mechanical deposit have been rendered obscure, is seen both by following

the ridge upon its strike to the N.N.E. or by tracing the passage of the quartz grits into

the overlying strata. In the first case, in tracking these rocks to the north-east, we

no sooner quit the flanks of this convulsed district of mines, than we find a zone

of quartzose grit and sandstone passing into a conglomerate which extends along the

hills of Bleak Moor, &c, the ends of the strata being best exposed in Nils Hill near

Pontesbury.

At Nils Hill the quartz ridge may be completely investigated in two transverse combs, in the

northern of which the rock is largely quarried for the roads of the adjacent district. It is at least

200 paces wide, and the strata in the principal quarries dip 60° and 70° to the W.N.W. and strike

15° to 20° to the east of north and west of south. The upper beds are thin, and succeed each other

rapidly, without interposed laminae of a different substance ; but the underlying strata towards the

centre are two to four feet thick, with occasional traces of way boards of sandy shale, the lowest

beds being pebbly quartzose grits, separated by laminae of steatitic greenish shale. Throughout

large portions, however, the character of granular quartz rock is nearly as well maintained as in

the peaks of the Stiper Stones. On the surface of some of these beds are broad, wavy undulations

and even ripple-marks so common to arenaceous deposits. Together with these, are also ramose

casts, which, though strongly indicative of organic origin, could not safely be referred to any known
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genus 1
. Another form, still more resembling an organized body, which I detected in my last visit,

is probably an orthoceratite.

Small flakes of anthracite occur, though rarely, in cavities and joints. The same rocks continue

from Nils Hill to the village of Pontesbury, near which their north-western face is covered by a

"breccia in place" of angular lumps of the quartz rock, forming thick beds, which hanging upon

the side of the hill constitute the fringe of the adjacent coal-field, towards which they dip at a

slight angle, thus presenting a strong contrast to the highly inclined parent rocks on which they

rest 2
.

The quartz rock of Nils Hill is so well exposed in quarries, that we acquire a much more

precise knowledge of its structure than in the weathered and dismantled bosses of the Stiper

Stones. We here see that on the opposite sides of the transverse combs the directions of the strata

of quartz rock diverge in their direction and have different degrees of inclination. On the north-

north-eastern side of the comb in which the great quarry is situated, the chief mass trends from 15°

and 20° west of south to 15° and 20° east of north, and dips 60° to 70°; whilst on the south- south-

western side the same beds striking north and south are vertical, and even in part thrown over beyond

verticality. The nature of those transverse fractures which have broken up the ridge of the Stiper

Stones into a number of disjointed and separate ledges is thus explained ; for we perceive that it

would have been impracticable to tilt these once continuous strata into the divergent directions in

which they are now placed without producing transverse ruptures or faults. So vibratory and

oscillating, indeed, have been the movements by which the strike of the masses has been determined,

that even in the same ledge we meet with differences of direction, amounting to 30° and 35°, in beds

only fifty to eighty feet from each other in the order of superposition.

Nils Hill is further an excellent spot to observe the numerous joints into which the quartz rock

is divided, and which have been alluded to as obscuring the true lines of deposit in the Stiper

Stones. The prevalent joints form backs, i. e. their planes are at obtuse or right angles to the sur-

faces of the beds. Most of the joints trend diagonally to the strike, so that the true dip of the strata

lies in a direction between these diagonals, as in many cases previously alluded to. (See jointed

structure of Upper Silurian Rocks, chapter 20.) There are, however, examples of other joints which

mark the true lines of strike and dip. Referring to the Appendix for other observations on joints,

it is sufficient to state that at this spot they have given relations to the strata, and that their direction

changes with every variation in the strike of the mass.

The rock of the Stiper Stones passes upwards into sandstone, which in its turn dips

under the schists forming the mining ground of Snailbatch and Penally, &c. These

transitions in the ascending order are exposed on the sides of the deep and picturesque

ravines of Mytton's Dingle 3

, the Crow's Nest, &c.

The conversion of sandstone into quartz rock having been shown to take place in

several points where such strata are in contact with rocks of igneous origin both in this

district and other parts of Salop, there can be no doubt that the structure of the Stiper

1 Tn perusing a MS. of Mr. Arthur Aikin, I perceive that he also observed what he considered to be

fossils in this quartz rock near Pontesbury.

2 A similar breccia recomposed in situ occurs on the summit and sides of the Lickey quartz rock.

3 Vulgarly called Mutton Dingle.

2 N
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Stones has resulted from similar action. For, although in this case the absolute contact

of the sandstone with such rocks is not exposed, as at the Wrekin and the Caradoc,

linear eruptions of trap are seen on both sides of this massive wall, associated with

metalliferous veins and highly altered and contorted rocks. In short, these quartz

rocks are encased between two parallels of igneous action
;
comprising Pontesford Hill,

Habberly, the Cauf Knolls, and Linley, on the east ; Corndon and the Shelve district

on the west. That the Stiper Stones are simply sandstones changed into quartz rock

is further proved by the recent workings of the Bog mines (the nearest to the mountain

side), the horizontal drifts from which, as already stated, when carried in towards the

hill, proved that the quartzose mass rises up from beneath in a mural form, cutting

off the mineral veins and deflecting them through the overlying schists and sandstones,

both to the north and to the south.

The Stiper Stones are remarkable in another sense, as being the barrier which separates

two metalliferous tracts of very different characters. On the west all the veins are of

lead ore ; on the east they contain copper and no lead ore. (See the last chapter and

PI. 32. figs. 1 and 2.) Comparing small effects with great, this diversity of metalliferous

veins on the opposite sides of a ridge of metamorphic rock, is in accordance with a

phenomenon observed by Humboldt on the opposite flanks of the great chain of the

Ural 1

.

1 Fragmens Asiatiques.



Summit of the Breidden, from a drawing by Mr. T. Webster, F. G.S.

CHAPTER XXIII.

The Breidden Hills, with other Trap and altered Rocks in Montgomeryshire.

Line of Dislocation produced by the Eruption of the Breidden Hills shoivn to extend

through Shropshire into Staffordshire. (PI. 32. figs. 5, 6, 7 & 8.)

The chief phenomena explained in this chapter are connected with the Breidden
Hills, so justly admired for their picturesque forms when viewed from the surrounding

region. As, however, the exposition of their relations will naturally lead to some im-
portant inferences with which this chapter must terminate, I first describe certain

minor detached trap rocks of the same neighbourhood.

In the Vale of Montgomery, about two miles west of Chirbury and three miles from the western

nank of the Corndon Hills, described in the last chapter, trap rocks again rise up in three places,

on a line running from north-north- east to south-south- west. The most northern, called Nant-
Cribba, is a small boss, situated a little to the south of the point where the road from Bishop's

Castle and Chirbury unites with that from Montgomery to Welch Pool. Having been long used

for the roads, excavations have been formed in the rock about one hundred yards in breadth, and

2 n 2
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thirty to forty feet in depth. The prevailing rock is greenish and purple felspar, partly concretion-

ary, passing into hard felspar porphyry, and rising through vertical, dislocated and contorted beds

of indurated sandstone. On one side I observed these beds dipping 80° north-north- east, as ex-

pressed in this wood- cut.

N.N.E. s.s.w. 46.

a. Unaltered shale.

i I -
\

i
i

i
i

c. Altered rock. d. Trap.

Similar trap reappears at Stallow, two miles south-south-west of Nantcribba, where it is also

partially quarried, and half a mile further upon the same line is another outburst, forming the bold

precipitous rock on which stands the ancient Castle of Montgomery. On its northern face, which

is vertical and about eighty feet in height, this rock has been much quarried, not only as a road-

stone, but for coarse building purposes. The general colour of the rock is light-green, and the

predominating structure is concretionary, being composed, for the most part, of a fine granular

felspar, slightly porphyritic, with veins of white carbonate of lime, and occasionally minute nests

and flakes of anthracite ; it is split by many transverse fissures, and has some appearance of being

traversed by dykes. The sandstone and shale, in contact with the trap, are tilted and dislocated,

as seen on the bluff north-east and north-western faces. At the south end, but detached from the

trap, are highly inclined beds of sandstone flag containing Grcqjtolites. In the loftier and adjacent

hill of Fridd Baldwin, separated from the castle rock by a deep dingle, similar beds of flagstone are

nearly vertical and much contorted. These flagstones, dipping away to the west and north-west,

mark one of the flanks of the axis of elevation, due to the eruption of the trap of Montgomery

Castle, Stallow, and Nantcribba. Between the Nantcribba trap and Welch Pool, are undulating

hills of shale, but near the town on the left bank of the Severn is another outburst of trap.

Trap of Welch Pool.

47.

View of the Standard Quarries, from a drawing by Lady Lucy Clive.
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The trap rock of the Standard quarries in the suburbs of this town, is a portion

of a large dyke, which cuts through beds of the Caradoc sandstone and associated

limestone and shale in a direction from N.N.E. to S.S.W. It has been exposed to a

width of about 120 paces, and a maximum height of upwards of ]00 feet. A great

portion of the mass is arranged in columns (as expressed in the above vignette) , inclined

20° to the S.W. ; the ends of the prisms, as seen at the north-eastern face of the dyke,

(being at right angles to the highly inclined strata through which the dyke passes,) dip

70° to E.S.E. The columns are divided by joints at right angles to the axis of the

columns, or parallel to the strata, on the sides of the dyke, and the workmen are thus

enabled to extract large blocks with great facility. This rock, though of unquestionable

volcanic origin, is remarkable from being most easily worked and well adapted for ar-

chitectural purposes. The best stone is of a light green colour, and is extracted from

the centre of the dyke, where the prismatic structure is most distinct, the distance

between the transverse joints being frequently seven to ten feet.

This light green variety is essentially made up of granular felspar, speckled with many minute

nests and sometimes kernels of calcareous spar. It contains also crystals of common and arsenical

pyrites ; the joints of these prisms are partially coated with serpentine, and where the rock is con-

cretionary, the same mineral occasionally envelopes the concretions. Sometimes the joints are lined

with thin films of green earth and anthracite, in minute quantities. The soft and sectile nature

of this columnar trap, is probably due in some degree to the state of aggregation of the grains of

felspar, but doubtless in a greater, to the equable diffusion of small particles of lime. Another

variety, better seen in the flanks of the quarry, is blue, harder, more compact, very slightly cal-

careous, and fit only for the roads ; it passes into common greenstone without lime. A third variety

is a grey granular felspar : a fourth, in the north-eastern prolongation of the dyke, at the spot called

the " Old Dog Kennels," is entirely composed of very large concretions, some of which consist of

granular felspar, hornblende, and lime. When their surfaces are slightly decomposed, the oxydized

iron of the hornblende defines the outline, as if the concretions were encircled by a number of rusty

hoops.

The sudden passage from the fine-grained columnar, into

the coarse and large concretionary trap is beautifully displayed

at the south-west end of the quarry, beneath a small garden.

The columnar rock has here a hard, brittle and conchoidal

fracture, and the ends of the prisms pass at once, as expressed

in this wood-cut, into the concretions, which vary in size

from large gourds to a man's fist : the same rock also occurs

in the Moel-y-Golfa Hill, p. 292.

The south-eastern and south-western walls of the Welch Pool dyke, consist of highly altered

rocks. Shale and sandy limestone are seen near the Old Dog Kennels ; at one point of contact

with, the trap, the granular structure of the calcareous sandstone is gone, and replaced by a thin

zone of grey, hard, and slightly calcareous quartzose matter ; at another, a few feet of dull grey en-

crinital limestone, is penetrated by large veins of white calcareous spar. The beds dip 80° south-

east; a thin band of bluish clay, apparently little altered, is, however, partially interposed between
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these calcareous beds and the grey granular felspar rock. These impure limestones belong to the

Caradoc formation, and will be further described in the ensuing chapter.

A very hard;, heavy, and much altered rock, has been recently laid open on the western side in

improving the road to Guilsfield, some portions of which are with difficulty distinguished from

the trap itself. The general aspect, however, and above all its possessing the character of a stratified

deposit, the joints diverging from the line of the dyke, enable us to decide that the mass is a part

of the Silurian system, though highly altered by the trap which traverses it. The principal joints

here range from north-west to south-east, are vertical, and completely distinct from any lines of

structure in the body of the trap rock.

This dyke disappears to the north-north-east under hills of reddish Caradoc sand-

stone, the strata of which are much dislocated ; and to the south-south-east similar

effects are traceable in Powis Castle Park, at several parts near the Castle ; the highest

or calcareous beds of the Lower Silurian rocks being elevated into highly inclined

positions, throwing off the Upper Silurian or mudstone rocks. Strictly speaking,

the axis determined by the dyke of the Standard Quarries, whether measured on its

immediate flanks, or by reference to these lines of disturbance, is from N.N.E. to

S.S.W., but if viewed upon a larger scale, it will appear that the dislocation in the

higher ridge of the Upper Park changes its direction to E.N.E. and W.S.W., according

with that of the Breidden Hills, and it is therefore possible, that the dyke of Welch

Pool, and the lines of disturbance immediately proceeding from it, are only slight aber-

rations from a line of eruption of which the Breiddens was the chief focus : it is, however,

to be observed that the disturbed line of Welch Pool is parallel to the strike of the vol-

canic ridges of Corndon, whilst the Breidden Hills, next to be described, cut through

the stratified deposits in a direction which diverges 45° from those parallels.

The Breidden Hills.

These hills present two principal masses, the Breidden and the Moel-y-Golfa, which

extend from W.S.W. to E.N.E. in parallel ridges. Their summits consist exclusively

of trap, and they are separated by depressions in sandstone and shale. The Breidden,

which gives its name to the group, impends over the Severn in bluff faces, and its

rounded summit, 1199 feet above the sea, is surmounted by the pillar which comme-

morates the victories of Rodney, as expressed in the vignette at the head of this chapter.

The Moel-y-Golfa having a conical form, attains the height of 1 143 feet, and forms the

south-western end of the largest ridge, which extends four miles into Shropshire in the

hills of Middleton, Cefn-y-Castel, Builthey and Bauseley. The Criggan is a low central

elevation, which, when viewed from Welch Pool or the south-west, has the appearance

of a third parallel ridge, but it soon subsides. The Breidden is terminated on the north-

east by an expansion or contrefort called BrinfordWood. These picturesque hills present

themselves in very devious forms when viewed from different points of the surrounding
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country. Thus their outline, as seen from the north and north-east, is expressed in the

opposite sketch, in which the Moel-y-Golfa and its dependencies constitute a separate

undulating ridge, diminishing in height as it advances to the north-east; while the

Rodney Pillar, or the true Breidden, appears as one heavy mass. Again, if viewed

from the south-west, Moel-y-Golfa appears like Vesuvius, while the Criggan and Breidden

form two other distinct conical ridges. (See Drawing prefixed to ensuing chapter.)

The general relations of these hills are similar to those of some of the ridges already

described. They exhibit (though rarely) indications of contemporaneous trap, alter-

nating conformably with beds of sedimentary origin, as in the Shelve country. The

chief rock, however, is of intrusive origin and has been forced through previously formed

Silurian strata, masses of which are either inclosed between the ridges of trap, or thrown

off by it in vertical and dislocated patches.

The prevailing mass in the Breidden properly so called (Rodney Pillar Hill), is a coarse-grained

greenstone, arranged (near the summit) in rude columnar masses, as expressed in the vignette, p. 287.

On the south-western and most precipitous face of this hill overhanging the Severn, the greenstone

is porphyritic, and passes into small concretionary and fine granular felspar rocks, with disseminated

carbonate of lime. In some places it assumes the characters of clinkstone, and in others it is an

amygdaloid, containing kernels of calcareous spar. The colours vary from dark green to light grey

and blue : one of the small concretionary varieties (green with white spots), protrudes in a small boss

beyond the north-east termination of the Breidden, at a spot called Belem bank close to the Severn,

and from its hardness has been long quarried for the Shrewsbury roads. This mass of trap, about

100 feet in height, forms, like that of Welchpool, a great dyke exposed to a width of about eighty

paces. In parts the trap divides into coarse columns, inclined at an angle of 40°, and the faces of

the fissures or joints are covered with matter coloured green by chlorite. The rock itself is fine

granular felspar, tending to a small concretionary structure. It is partly amygdaloidal and cellular,

and is occasionally traversed by veins. The Voel, a round, detached hillock, at the south-western

or opposite extremity, is a coarse-grained greenstone. The Breidden itself, having upon three sides

precipitous faces which rise abruptly from the flat vale of the Severn, offers few clear evidences of

association with the stratified deposits, except upon its east and south-south-eastern or hilly side,

where dislocated and broken patches of shale adhere to the trap. The Criggan exhibits several

knots of trap in forms more or less columnar \ at the New piece, the trap pierces the sandy shale,

the beds of which are vertical, fractured, and in parts converted into a silicified slate. The most

instructive instance of the ancient or bedded trap analogous to those cases described in the Shelve

and Corndon districts, is at Bauseley Hill near the east-north-eastern termination of the ridge. The

centre of the trap is laid open by extensive quarries, and it consists chiefly of a large concretionary

felspar rock, in parts porphyritic, which is flanked on the north-west by a vertical wall of sandy

greenish schist, slightly micaceous, with little or no appearance of having been altered. This is fol-

lowed by a thin course of greyish-blue, granular felspar rock, succeeded by finely laminated, soft

shivery, black shale, perfectly unaltered. The shale is again followed by bands of felspathic trap,

partly porphyritic and passing into greenstone. They are about four yards thick, and flanked by

a trappean aggregate, containing fragments of schist, and casts of fossils precisely like those described

in the Shelve country. It is from twenty-five to thirty feet thick, regularly bedded, and towards

the exterior passes into a greenish-grey sandstone, evidently formed of volcanic submarine dejections.
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Similar sandstones are found on the other side of this hill, dipping to the south-south- east at angles

of eighty and seventy, and passing under the ordinary shale of the district. This transverse section

of Bauseley Hill is so clear, that no one can examine it without being convinced that the felspar rocks

were formed contemporaneously with the shale and sandstone with which they alternate ; for the

planes of deposit of the beds of micaceous sandstone and black shale, are exposed like the sides of

party-coloured walls, interstratified with the beds of trap and felspar aggregates. The evidence is

further most valuable in showing, that as the Silurian deposits and the alternating traps are not in

positions in which they could have been deposited, they must have been thrown into their present

vertical positions by convulsions. Continuing this transverse section to the north-west, across

a little dell, we come to a conical knoll of intrusive trap rock, which piercing through the strata,

dislocates and throws them off abruptly. This rock is made of compact felspar, sometimes por-

phyritic, containing crystals of common felspar, associated with concretions of green earth and a

little disseminated lime. The diagram, PI. 32. f. 7., will explain the relations of the stratified and

intrusive trap rocks to the sedimentary deposits.

The summit of the Moel-y-Golfa is a slaty porphyry with a base of compact felspar, and has a

tendency to columnar structure. It passes on one side into a coarse-grained greenstone, and on

the other into a large concretionary trap. The last variety is deeply cut into at the foot of the hill

nearest to Middleton, where the large size of the concretions well entitle the quarries to a visit.

They consist for the greater part of compact felspar, sometimes porphyritic, and their colours

usually differ from those of the matrix. This rock, indeed, is exactly the same as that described on

the sides of the Welch Pool Dyke. It reappears at various points along this ridge, particularly in

the little bosses between Builthy and Bauseley. Wherever this rock has been long exposed above

the turf it has the aspect of a bronze-coloured quartzose conglomerate 3
.

The hill of Cefn-y-Castel offers little clear evidence of structure. At the south-west end of Moel-

y-Golfa the trap of the detached hillock of Little Garreg is rather remarkable, consisting of spotted,

fine concretionary greenstone, with small nests of white and black calcareous spar. This spotted

rock, passing also into amygdaloid, reappears at a place called the Cefn, on the east side of the

road from Shrewsbury to Welchpool, and about four miles from the latter. Iron pyrites is dis-

seminated in minute crystals, and white calcareous spar, coats the rifts of the rock and also pene-

trates it in veins. Some varieties contain white calc spar enveloping small kernels of green earth,

and the dark spots and the discoloration of the flakes and nests of carbonate of lime are probably

due to this mineral. This rock is quarried for the roads, and the excavations offer satisfactory

evidence of the violent intrusion of the trap into the associated strata. It has risen in round

masses, throwing off the schist and sandy limestone, and where the masses have been quarried out,

large cavities have been left, the roofs of which exhibit the stratified deposits highly curved and

broken. The junction bands are chiefly black, laminated, flinty schists, with some minute stripes

or veins of lead ore and steatitic matter : in parts the trap rock is intruded, with jagged edges, into

contiguous beds of sandy impure limestone, which on contact are more or less crystalline and in-

durated. Another variety of these contact rocks is a breccia of dark-coloured, indurated sandstone,

almost quartz rock, with veins of calcareous spar and iron pyrites. At the south end of this low

rising ground, consisting of upper Silurian rocks, as proved by the fossils, and where there is no

trap, the stratified deposits are unaltered and preserve a strike from north-east to south-west; but

on the north side of the boss of trap they belong to the upper calcareous beds of the Caradoc sand-

1 See account of a similar large concretionary trap at Leigh Hall, p. 276.
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stone, and the strike is north and south. These are the oldest strata brought to day in this neigh-

bourhood. The other fossil evidences collected from the shale on the flanks of the Moel-y-Golfa

ridge, are Euomphalus and Cardiola, of the Upper Silurian rocks.

The most marked changes in the ordinary lithological characters of these deposits are seen all

along the Moel-y-Golfa and Middleton ridge, of which the Cefn is a prolonged spur. Some of the

most striking have been exposed by the works on the sides of the hill of Middleton, situated between

the Moel-y-Golfa on the south-west, and Cefn-y-Castel on the north-east. This hill is traversed by

several dykes of compact, light green, white and buff felspar, with minute veins of rose-coloured

quartz. The sides of the upper part of the hill present the appearance of irregularly stratified

masses, arranged in an inverted cup-form, the strata dipping inwards, and consisting of felspathic

sandstone and schists, alternating with felspar breccia entangling fragments of schist, similar to the

rocks described at Brownlow Callow near Shelve, with flakes of steatite. One of these conglomerates

contains rounded portions of steatite and fragments of granular felspar, another has carbonate of lime

diffused through grey granular felspar. These are overlaid and underlaid by bulging masses of a

coarse concretionary felspar rock 1
. The varieties of the felspar most uniform in structure have been

worked for various economical purposes, as the manufacture of china, &c. There are also large

veins of sulphate of barytes, with crystallized carbonate of lime, sulphuret of iron, &c. The com -

pact felspar passes into granular, and near the base of the hill, towards Moel-y-Golfa, some trials

have laid bare the large concretionary trap, as in this wood-cut.

a. Schist. b. Amorphous trap. b*. Concretions in the trap. c. Vein of calcareous spar in the schist.

At this spot it is well to observe, that a vein of pure white calcareous spar of about six feet in

width, is a few paces only distant from the trap. Will the chemist permit the speculation, that this

pure calcareous matter has been abstracted from the contiguous calcareous flagstone and shale by the

heat which accompanied the intrusion of the trap rock ? Other beds of finely laminated and indu-

rated sandstone are thrown off in nearly vertical positions, inclosing between them portions of the

same white calcareous spar. The veins (and nests) of barytes, whether in this hill or in the depres-

sion between Cefn-y-Castell and Builthy, have the same relations to the trap, or occupy the space

between the intrusive rock and the tilted, broken, and often indurated strata. They consist for the

most part of the sulphate, although the carbonate of barytes also appears in small quantities, with

occasional strings of galena. A mass of sulphate of barytes has been previously described in a

similar position on the western limits of the Corndon Hills, near Wotherton. At the great lead

mines of Snailbatch, the altered schist and sandstone contains so large a quantity of sulphate and

carbonate of barytes, and white calcareous spar, that the mounds of those minerals mixed with

quartz, &c, thrown out upon the sides of the hill, form a conspicuous object to all the adjacent

49.

1 The bedded felspar breccia has recently been cut into by galleries by Mr. Ryan, for the extraction of the

pure felspar rock.

2 6
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parts of Shropshire. The mine of Snailbatch, it has been shown, lies upon a band of igneous eruption,

and these varied and altered rocks of Wotherton, Middleton, &c. only differ from it in containing

less of the more valuable ores of lead.

The previous details have shown, that the Breidden Hills, like those of Corndon and

Shelve, present two classes of trap rock, the one contemporaneous with the formation

of the associated shale and sandstone, the other injected after their consolidation.

But at what period after the consolidation of the Silurian deposits were the chief masses

of the Breidden thrown up ? The evidences prove that the Silurian rocks had been

first elevated to some extent before the coal-measures were accumulated, while the latter

are so much dislocated as they approach these hills, that there can be no doubt that

they have been also affected, though at a subsequent period, by the outburst of volcanic

matter. For example, the extremity of the Shrewsbury coal-field is worked at Coed
Wae, within half-a-mile of the north-eastern termination of these trappean ridges, and

there the strata are so highly inclined that the workmen were obliged to board up the

drifts. The exact relations, however, of this, and all other parts of the contiguous coal-

field, extending in a narrowband to Pontesbury, are ill-developed, the junction between

them and the various members of the Silurian System on which they rest, being much
obscured by sloping accumulations of local detritus. But there are other examples of

high inclination, like this of Coed Wae, and also numerous faults, some of which have

been previously adverted to. Hence, although we have no positive demonstration

of trap in contact with coal, as in the cases of the Clee Hills and Coalbrook Dale, we
might, from such evidence alone, speculate with the highest probability on some of the

eruptions of the Breidden, like those of the Wrekin, having been posterior to the

formation of the coal-measures. Following up this inquiry, I will now proceed to

offer other independent proofs, that volcanic action has been continued along the same
line of eruption, into periods subsequent to the consolidation of the New Red Sand-

stone, and even of the Lias.

Trap Dykes on the line of the Breiddens which have cut through the New Sand-

stone, explanatory of the period of certain lines of elevation and dislocation in

North Shropshire and Staffordshire.

I have previously stated that there are few geological points more difficult to define

accurately than the age of trap rocks. They have frequently been described as of the

age of those strata with which they are found in contact. Such distinctions, however,

are altogether untenable, except where the volcanic rocks were actually evolved during

the accumulation of the sedimentary deposits with which they are associated; and

numerous instances of such contemporaneous traps have been already described. I
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have further shown that this contemporaneous class has been afterwards broken through

and dislocated by intrusive trap, and special attention is now invited to dykes which,

proceeding from the Silurian System, affects also the New Red Sandstone of Shrop-

shire. In concluding this chapter, therefore, I will describe: 1st. The trap dykes

alluded to. 2ndly. The connection of these dykes with a distant mountain mass of

trap rock. 3rdly. The signs of elevation and alteration perceptible in the New Red

Sandstone along axes coincident with the direction of these intrusive rocks. And
4thly. It will be shown that this line of elevation serves to explain how the great out-

lier of Salopian Lias was dissevered from the chief mass of that formation.

In the summer of 1834, the mansion of Sir Andrew Corbet, Bart., at Acton Reynolds, eight miles

north of Shrewsbury, having been subjected to a thorough repair, the ground beneath and around it

was cleared to the foundations, when masses of a hard, dark rock were discovered, passing like walls

through the sandstone upon which the house is built. Being informed of this circumstance 1
, I

visited the spot ; and although at that period a great portion was covered up, sufficient was exposed

to explain the nature and relations of these rocks. The part which I inspected was a dyke about

four feet and a half wide, chiefly made up of concretions, which cut through the horizontal beds of

sandstone from north-west to south-west. The sides of the trap were vertical, and between them and

the sandstone was a thin " sahlband " or coating of decomposed felspar. The contiguous sandstone

was indurated for a few inches, and contained disseminated grains of earthy oxide of manganese,

but at a greater distance it had its ordinary characters. These strata belong to the central mass of

the New Red Sandstone, and immediately underlie the stone of the celebrated quarries of Grins-hill,

distant about one mile, (see pp. 39 et seq.) In its course to the south-east, this dyke in passing

under the house expands to a width of eight or nine feet, and therefore the portion which I examined

was possibly near its termination. A second dyke, parallel to the above, ranges beneath the western

part of the house. A third and larger dyke trends from E.N.E. to W.S.W. and consequently cuts

across the two parallel dykes. The point of intersection of this transverse dyke with that first

described having been covered by the progress of the building, I was prevented from personally

examining it; but I collected specimens which had been extracted, and as they precisely resemble

the rock I saw, there can be no doubt that the small dykes running from south- east to north-west

were mere branches from the large central dyke. The rock consists of two varieties : 1st. A por-

phyritic greenstone, consisting of a dark-coloured base of hornblende and granular felspar with white

crystals of common felspar. 2ndly. A mottled, rough concretionary rock, made up of pink and dark

grey compact felspar with imbedded crystals of common felspar, the concretions often assuming

angular forms and thus resembling a breccia, but as they and the matrix are of similar composition

the whole must be regarded as concretionary. As I was well acquainted with both these varieties of

trap, having previously examined them nearWelch Pool and in the Moel-y-Golfa range of the Breidden

Hills, and as I perceived the direction of the principal dyke would if prolonged, terminate precisely

in that range, it occurred to me that, although Acton Reynolds was fifteen miles distant from the

Breiddens, these dykes might be connected with that great centre of igneous eruption. I was fur-

ther disposed to adopt this view, upon observing that the chain of hills of New Red Sandstone which

extended over the intermediate country offered evidences of dislocation. Further inquiry confirmed

1 By Mr. Carline, the architect.
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the accuracy of the conjecture 1
. In the previous account of the Breidden Hills, it has been shown

that the trap forms two principal parallel ridges ranging from W.S.W. to E.N.E., viz. Moel-y-Golfa

and its dependent hills extending to Bauseley on the S.S.E., and the Breidden, properly so called,

on the N.N.W. In these ridges it has also been shown that there are evidences of two periods of

eruption. 1st, Of contemporaneous trap, alternating conformably in thin bands with schists of the

Silurian System. 2ndly. Of intrusive trap, which bursting through the former, has thrown the strata

into vertical and dislocated positions, altering them and producing veins more or less metalliferous.

Besides the Silurian rocks and bedded trap rocks affected by these eruptive masses, there are indica-

tions on the flanks of Bauseley Hill that movements of the trap have also affected, as before stated,

the carboniferous strata, which there repose unconformably upon the edges of the older rocks. Pro-

ceeding to the E.N.E. in the direction of the axis, there are about five miles of country in which no

rocks are visible, the valley in which the Severn flows being thickly covered with gravel and other de-

tritus ; but in the environs of Ness Cliff, hills of New Red Sandstone rise from the plain and are

more or less continuous for many miles to the E.N.E., precisely in the prolongation of the axis of the

Breiddens.

The axis of the Moehy-Golfa ridge is well exposed in a small hill, six miles and three quarters

west of Shrewsbury, recently cut through in lowering the Holyhead road, where strata of dark red,

yellowish, and whitish red, thin-bedded sandstones are tilted 35° to the N.N.W. or at right angles

to the axis. The vast accumulations of detritus of New Red Sandstone, mixed up with fragments

of trap, Cambrian, Silurian, coal measure, and other rocks, which are piled up in Ensdon Hill and

other localities between this line of elevation and the town of Shrewsbury, are thrown off upon the

southern flank of the eruptive line. Following this line we find it preserving the true character

of an anticlinal, for in the hills around Great and Little Ness, the strata of sandstone rise to the

surface in dome- like forms, and after passing over a denuded tract covered with enormous accumu-

lations of gravel, clay, and boulders 2
, an unequivocal anticlinal is exhibited in Pim Hill, where the

sandstone emerges from the plain and rises to a height of about 600 feet. On the northern slopes

of this hill, thick beds of yellowish friable sandstone dip 25° N.N.W., whilst on the southern, or

towards Shrewsbury, beds of deep red sandstone incline to the S.S.E.

But it is not merely the reversed dip which indicates the direction of the axis of elevation, for

the sandstone in the central portion of the hill is so hard, white, and compact, and in so unstratified

or amorphous a condition, that it has every appearance of having undergone great alteration. It is

made up of fine grains of quartz, cemented by decomposed felspar, and though not altered to the

same extent as the sandstones of the Silurian System which I have shown in previous chapters to

have been changed into granular quartz rock, there is a close approach towards that state. This

amorphous mass having been cut into for the use of the roads to the depth of forty feet, is rent by

vertical fissures, the faces of which are frequently in the state of slickenside. Crystallized carbonate

of lime is detected in small veins, and earthy oxide of manganese is both disseminated in grains

through the mass and spread in thin films over the faces of the fissures. Stratification is perceptible

only towards the sides of the quarry and near the summit, where the beds recovering their ordinary

friable structure, dip to the N.N.W. and S.S.E. The whole in fact constitutes one great quartzose

veinstone, running transverse to the strike of the beds, whilst numerous minor veins of similar com-

position cut across the strata in the adjoining slopes.

1 In the second visit to establish this point I was accompanied by Mr. W. Hamilton, Sec. G.S.

2 See account of these boulders and gravel in the concluding chapters.
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Though no trap is visible in Pirn Hill, yet this mass of veined and altered rock lies so directly

upon the axis of the trap of Moel-y-Golfa, that, independently of other proofs, this striking coin-

cidence in range might lead to the conjecture of a connection between them. But when to this fact

we add, that the principal dyke of Acton Reynolds is also precisely in this line, and three miles

more distant than Pirn Hill from the great source of eruption ; and further that the trap of these

dykes is identical in structure with that of Moel-y-Golfa, the conviction becomes irresistible that

a powerful line of dislocation caused by volcanic activity acting along the same fissure has also pro-

duced the alteration of the sandstone at this point. This anticlinal line is however traceable for

many miles to the E.N.E. far beyond Acton Reynolds, and usually elevates the strata "en dome,"

as at Stanton and Blakeley Hills. It may, indeed, be followed into Staffordshire, passing the Bir-

mingham and Liverpool Canal near Goldstone Common, where highly dislocated strata were ob-

served by the Rev. Thomas Egerton precisely in the continuation of the axis above described,

though at a distance of upwards of thirty miles from Bauseley Hill, or the end of the ridge of

Moel-y-Golfa.

Another line of elevation in the contiguous masses of New Red Sandstone has a direction nearly

parallel to the same axis. Being within a mile or two of the other it might by some be considered

merely as the west-north-western face of the same line of disturbance ; but when it is recollected

that the Breidden Hills present two principal parallel ridges with a depression between them (see

Map), the coincidence between the forms in which they have been erupted and the double lines of

elevated sandstone in North Salop, is too remarkable not to lead to a belief in the community of

their origin. While, therefore, the one parallel is referred to the axis of Moel-y-Golfa, the other

is conceived to be due to the eruption of the Breidden or Rodney Pillar Hill. The latter axis is

first marked in the bluff headlands of Ness Cliff, about a mile distant from the parallel of Moel-y-

Golfa, the beds being slightly bent or arched to the N.N.W. and S.S.E. 1 There are few pecu-

liarities in the lithological structure of these rocks, except that veins of quartz and sulphate of

barytes occasionally project above the weathered and lichenized surfaces of the sandstone, gene-

rally ranging oblique to the strike of the ridge. In Broughton and Clive Hill, still further to the

E.N.E., the strata contain concretions of calcareous spar, which sometimes inclose nests of green

carbonate and grey copper, iron pyrites, &c. 2
; and copper ores in still greater abundance have

been recently observed at Tedstill, Pradoe, near the north-western edge of the Ness Cliff Hills.

Similar rocks, with veins of chalcedony, minute strings or nests of copper ore, small concretions

of white and red lamellar sulphate of barytes, and blackish spots (probably ferruginous oxide of

cobalt), occur in the escarpment of the Hawkstone Hills near Marchamley, where the strata dip to

the N.N.W. and pass beneath the red and green marls which support the lias of Prees and Cloverly.

As there is a zone of strata more or less metalliferous on this parallel, similar to that noticed in

the prolongation of the Moel-y-Golfa axis, it is natural to infer that they may have been produced

by the same cause. This line of elevation, or a branch of it, extends into the bolder range of hills,

which, proceeding from the south of Hawkstone, passes to the north of Hod-net, and by the south

side of Market Drayton, extends into Ashley Heath, Staffordshire, 800 feet above the sea, the highest

point perhaps in Great Britain, occupied by the New Red Sandstone 8
.

1 It is from this spot that the preceding view of the Breidden Hills was taken.

a At Broughton the calcareous matter so predominates, that the beds have been worked for lime-burning.

They dip to the N.N.W. (See p. 37 et seq. where these beds are referred to the Muschelkalk.)

3 I have not yet traced these lines of dislocation to their termination on the E.N.E. This examination

would have led me beyond the region of the annexed map.
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When measured with precision, these lines of elevation, instead of being strictly pa-

rallel, are found to diverge gradually from each other as they proceed to the E.N.E.,

while to the W.S.W. they converge towards the Breiddens, and finally are coincident

with the fissure on which those hills were erupted. They therefore resemble the great

longitudinal, fan-shaped lines of disturbance which range through the coal-field of Coal

Brook Dale, proceeding from the hill of Lilleshall as a volcanic nucleus. (See pp. 110,

234, Map, and further observations following the description of the Dudley Coal-field

and Lickey Hills.)

The discovery of a large elliptical basin of lias, the major axis of which is parallel to

these axes, adds much interest to the case. This basin, as already described, p. 22, is

flanked on the S.S.E. by the Hawkstone and Market Drayton Hills, whilst on the N.N.E.
it is bounded, though at a greater distance, by another range of New Red Sandstone,

which rising near Malpas, extends into the hills of Bickerton, Bulkeley, and Peckforton.

This last-mentioned range of hills also slightly diverges from the main axis of the

Breiddens, trending from south-west to north-east, and coincides remarkably in mi-

neral characters with the ridges just described. Thus, at Bickerton is a mass of hard,

white, compact sandstone, coated with black oxide of manganese like that of Pirn Hill,

and dipping to the north-west, whilst other beds of red marl and sandstone incline to

the south-east; and though the prevailing dip of these hills between Beeston and

Bickerton is to the south-east, there is a transverse disruption in the central part (Peck-

forton and Bulkeley) where the strata are thrown over to the N.W. and W.N.W. On
the south-eastern face of the Peckforton Hills, copper ores have been extracted to a

small extent. These ores occur in strings and veins associated with dislocations more
or less transverse to the main direction of the red sandstone, the only exception with

which I am acquainted being in Stanner Hill, where certain poor mineral veins appear

to range from south-west to north-east, or parallel to the ridge. Sulphate of barytes is

not unfrequent, and Sir Philip Egerton informs me that it is frequently disseminated

through the sandstone.

From the undisturbed position of the lias between the two fan-shaped lines of ele-

vation, which threw up the New Red Sandstone of the Hawkstone Hills on the one

side, and the Peckforton on the other, it may be inferred that eruptive forces have

destroyed an overlying mass of that formation which may have once extended so far

towards the south-east, as to connect this outlier with the main escarpment of the

formation, while the intervening region was left in a tranquil state ; and thus the pre-

servation of this singular outlier is satisfactorily explained.

We shall afterwards extend this inquiry and apply the same tests to other districts,

particularly to the red sandstone surrounding the great coal-field of Dudley and Wol-

verhampton, and extending to the south of the Lickey Hills, with the view of deter-

mining the periods at which such tracts have been disturbed ; and we shall again show

that great periods of dislocation took place posterior to the lias, on lines of ancient

eruption.
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In the meantime, by completing the observations in one region, it has been proved,

that volcanic matter was emitted for a very long time during the formation of the

Silurian strata, and that afterwards other eruptions took place, throwing those ancient

strata into vertical, undulating, and broken masses, and probably giving rise to metal-

liferous veins ; that the coal measures were accumulated after the last-mentioned pe-

riod of disturbance, because they rest unconformably upon the inclined edges of the

Silurian rocks ; and lastly, that other volcanic forces, evolving products similar in

lithological structure to those previously erupted, renewed their activity on the same

lines of fissure after the accumulation of the New Red Sandstone and even of the Lias.



CHAPTER XXIV.

Range and Distribution of the Silurian Rocks in Montgomeryshire and the adjacent

Districts of Shropshire and Denbighshire. (PI. 32. figs. 1, 2, and 9. PL 33.

f.i.)

In the three preceding chapters it has been shown, that the Longmynd and adjacent

hills constitute a mineral axis, in which certain rocks of the Cambrian System throw off

the Silurian deposits on their flanks ; that the Silurian rocks to the west of this axis

have been the theatre of intense volcanic action and are the seat of valuable mines
;

and that the Breidden Hills, still further to the west, have been formed by another out-

burst of volcanic matter. Having attempted to fix the eeras of these eruptions, and to

explain the effects they have produced upon the sedimentary deposits, I now proceed

to the consideration of the strata composing the Silurian System which are spread over

the south-western parts of Salop and wide tracts of Montgomeryshire and Denbighshire.

We shall thus complete the account of these deposits over one large district before we
follow them into South Wales.

The Silurian strata which occupy this large tract, lie in several undulations or troughs,

between the districts already described and the Berwyn Mountains, constituting in fact

a number of parallel anticlinal and synclinal lines. (See transverse section, PI. 32. f. 9.)

The Ludlow Rocks, properly so called, extend over a large portion of the eastern side

of this area. In the environs of Clun and Bishop's Castle, they occupy the hills of

Clunbury, the Black Mountain, &c, and sweeping round by Stow Hill to Knighton,

they support the great detached outlier of Old Red Sandstone of Clun Forest, forming

Kerry Hill on the west, and on the north and north-east the hills of Bishop's Castle,

Walcot Park, Eyton and Bury Ditches. (PI. 33. f. 1.) Wherever the Silurian rocks

are near the Old Red Sandstone, as at Clun, they consist of the true Upper Ludlow

Rock, characterized by Homalonotus Knightii, Serpuloides longissima, Lept&na lata,

Orbicula rugata, Cypricardia amygdalina, Orthoceratites, and other well-known fossils,

and have precisely the same mineral characters as the rock in the immediate vicinity

of Ludlow, being also quarried for the same purposes. In this range they vary in

height from 800 to 1400 feet, the strata upon the whole dipping inwards, and forming
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the elevated trough, in the centre of which lies the Old Red Sandstone of the forest of

Clun. Though the junction of these rocks with the Old Red Sandstone is clearly de-

fined, it is not practicable to trace through these mountains the same subdivisions of

the strata as in the Ludlow district, there being no good representative of the Aymestry

Limestone, nor a trace of its beautiful fossils. Receding from the limits of the Upper

Ludlow Rock, we see in numberless well-defined and open sections a succession of infe-

rior strata, which conduct us downwards to well-marked Lower Ludlow Rocks, without

the intervention of a single bed of limestone, however impure. We occasionally meet,

however, with a narrow band, filled with the Terebratula Navicula, which may be con-

sidered to represent the Aymestry Limestone.

Some of the harder beds of the Lower Ludlow are quarried for flagstones in Kerry

Hill and at Yechad, where they contain two species of Cardiola and numerous Grapto-

lites, fossils already described as characteristic of this subdivision, but which have never

yet been observed in the Upper Ludlow Rock. The same beds are quite as clearly

exhibited on the eastern side of Clun Forest, in the lower parts of the Black Hill, &c.

(The greenstone of the inhabitants.) We can thus clearly define both the Upper and

Lower Ludlow Rocks in that portion of the tract in which they pass upwards into the

Old Red Sandstone.

Ludlow rocks, containing the same fossils, occupy nearly all the higher parts of the Long Moun-

tain (1330 feet) between the Corndon and the Breiddens, though the Upper Ludlow Rock is ill

developed. (See PI. 32. f. 2.) Below that zone, which is marked by the flagstones containing

the CardiolcE, is a badly defined succession of strata, for owing to the absence of any representative

of the Wenlock limestone it is impracticable to separate the strata underlying the flagstones from

those above them, and to decide, that this portion of shale belongs to the Ludlow, that to the Wenlock

formation. We are here, therefore, compelled to include both formations under the comprehensive

term of Upper Silurian Rocks; and the same absence of limestone and fossils obliges us to apply this

broad classification to large tracts in North and South Wales.

The whole of the strata in the valley of the Severn from Newtown to the Breiddens are of this

age. They surround the town of Montgomery, and extend in undulating masses from Newtown to

Llanfair, and are admirably exhibited in the valley of the Berriew. They form all the ridges of the

beautiful upper park of Powis Castle, and are admirably laid open in the hill of Yr-Alt, N.N.E. of

Welch Pool. They are also repeated in troughs at Meifod, between the valleys of the Severn and

the Ffyrnwy l
, these troughs being bounded by ridges of the inferior Caradoc sandstone. (PI. 32. f. 9.)

The Upper Ludlow is wanting throughout the greater part of this range, and the prevailing rocks

have the incoherent character of the Lower Ludlow and Wenlock shales. As the strata of these

hills are thrown over with reversed dips, they can be examined in numberless sections. The

whole of the Long Mountain is a trough-shaped elevation, the flagstones and lower shales rising

on all sides towards the flanks of the mountain. (PI. 32. f. 2.) On the western slopes, near Nelly

Andrew's Green and Gaithley, the lower argillaceous strata being near the volcanic range of the

1 The English reader may be informed that the Welsh name of this river, Ffyrnwy, though apparently so

unpronounceable, has the agreeable and mellifluous sound of vernew.

2 p
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Breidden Hills are thrown off at the high angle of 70°, dipping to the south-east, under thin, flaggy,

argillaceous and slightly micaceous sandstone, containing Cardiolce, Orthocera, and Gi-aptolites ;

and on the opposite side of the mountain, at Roughleigh, the same beds dip to the north-west,

though at a much lower angle. The slighter inclination of these strata is explained by their being

so much further from the trappean axis of the Corndon. (See the last chapter.) In the central or

highest parts, as for example near the Harp, the beds are very little inclined.

In Powis Castle Park, and in all the ridges between it and the junction of the Berriew and the Se-

vern dull grey shale prevails, occasionally enclosing spherical concretions, the whole being undistin-

guishable from the Lower Ludlow Rock and Wenlock Shale in many other localities. The concre-

tions consist of impure black argillaceous limestone, varying in diameter from four inches to a foot,

and break with a conchoidal fracture, in which respect, and in containing strings of white and black

calcareous spar, they resemble the septaria of the London clay or the nodular cement stones of the

Lias. The nucleus of these concretions consists sometimes of calcareous spar, quartz crystals, car-

bonate of copper, with occasionally minute nests and flakes of anthracite. Other concretions are

formed around organic remains, as the Asaphus caudutus, Calymene Blumenbachii, Orthocera, &c.

;

and when the natural divisions of these organic remains are occupied by any of the above simple

materials, they are beautifully diversified 1
. The bands of argillaceous sandstone which lie in the

troughs between the valleys of the Severn and Ffyrnwy (see section, PI. 32. f. 9.) present nothing

remarkable; and the hill of Yr-Alt may serve as a sample of the whole. Occasionally they pro-

duce a flagstone, which is durable if not exposed to the atmosphere. The quarries on the south-

eastern face of Golfa Hill, and those in the western sides of Powis Castle and in the bed of the

Berriew river near its junction with the Severn, are among the best examples, the stone being

usually of a dark indigo grey colour, sometimes slightly calcareous, and frequently marked by white

veins of carbonate of lime and quartz. The varied inclination of the strata composing the chief

masses of these " mudstones " in Montgomeryshire and the adjoining parts of Salop will be best

understood by reference to the map and sections, the dip being of course usually highest near to

those anticlinal lines along which the inferior strata are thrown up in numerous parallel ridges.

(PI. 32. f. 9.)

Lower Silurian Rocks, or Caradoc Sandstone, and Llandeilo Flags of West Salop and

Montgomery.

The Lower Silurian Rocks to the west of the Longmynd are prominently exposed in

the upland district of Shelve and Corndon, where they have been described as alter-

nating with ridges of trap rock (Chapter 22.). Many of these ridges consist of the

Caradoc sandstone, others of flagstones similar to those at Llandeilo. The uppermost

members of these Lower Silurian Rocks in the form of impure sandy limestones, like

those described p. 217., containing the Pentamerus oblongus, Productus sericeus, and

other well-known fossils, fold round the highly-inclined edges of the older Cambrian

rocks of the Longmynd or oldest mineral axis of Shropshire. Examples are seen

1 Similar concretions are characteristic of the Lower Ludlow Rock in the neighbourhood of Ludlow and

Aymestry, near Elton, and also on the flanks of Deerfold Chase. (See p. 205.)
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near Linley Hall, extending thence by Norbury to Wentnor, and at Cox's Mill. This

unconformable arrangement is of great interest in teaching us, that where those strata

which in other places form the beds of passage between the Silurian and Cambrian

systems are wanting, the contiguous rocks belonging to the two systems are uncon-

formable ; and it also seems to prove, that such Cambrian rocks had been placed in

inclined positions, before the deposition of the Caradoc sandstone had commenced.

At the north-western edges of the Long Mountain, between the Black Moor and the Ffron Gate,

are red and green sandy shales, containing the same species of Lingula as the shale at Buildwas.

These red and green beds so contiguous to the coal-field of Shrewsbury might well be mistaken for

the Old Red Sandstone; but the included organic remains and the dip of the strata beneath beds

inclosing fossils of the Wenlock shale completely decide the case. On the south-western flanks of

the Long Mountain is not only the usual thick development of Upper Silurian Rocks, namely, a

flag-like mudstone with a lower shale containing concretions of argillaceous limestone, but also

thick-bedded, hard, and greyish blue grits, wrought into square blocks of good and durable quality.

These, on exposure, frequently become of a rusty brown colour. Judging from their mineral cha-

racter, I am disposed to place these grits in the Caradoc formation.

Beds of calcareous sandstone, with fossils similar to those on the eastern flanks of the Caradoc,

occur at the Cefn near the flank of the Breidden Hills, where they are penetrated by trap rocks.

(See last chapter, p. 293.)

Another zone of these deposits is thrown up at Welch Pool through the Upper Silurian

Rocks, and extends from about a mile N.N.E. of that town to upwards of a mile S.S.W.

of it. These are upon the line of a trappean eruption before described (the Breidden,

Standard, &c). The Caradoc sandstones in this short range are of red and dark grey

colour, the former predominating. In the high ground north of Welch Pool, called the

Red Hill, are quarries in highly inclined and fractured strata of these rocks, some of

them consisting of hard grits, in parts calcareous, others of mottled, red and grey

sandy shale, the former predominating. In a woody dingle
1 between these old quarries

and the Standard or great trap dyke, the shale abounds with casts of beautifully orna-

mented trilobites of the genus Trinucleus, so abundant in the Caradoc sandstone of

other tracts. Some of the more calcareous beds are seen on the flanks of the Standard

trap dyke, and they again protrude in various detached masses in the park of Powis

Castle. One of these, near the north end of the park, is a grey, impure, sandy

limestone, in parts concretionary, the weathered surfaces of the concretions being

marked by shells, corals, &c. But the most, remarkable of these knolls is that on

Which Powis Castle is built, the edifice having been constructed from quarries in

1 As this ravine had not, as far as I could ascertain, any name, I venture to hope that, to mark so interest-

ing a fossil locality, Lord Clive will call it " Trilobite Dingle." The large specimen, Asaphus Pourisii, named

in honour of the noble family, so justly beloved throughout Montgomeryshire, was found at this spot with

the Orthis testudinaria and other shells, and two or three species of the genus Trinucleus, including T. Carac-

tacus. (See description of these trilobites in the chapters on Organic Remains.)

2 p 2
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another parallel, contiguous mass 1

. The rock beneath the castle is a red grit, in

parts so calcareous and highly charged with portions of encrinital stems as to consti-

tute an impure limestone. The faces of these beds are well exposed as massive buttresses

in the hanging garden-terraces, where, being nearly vertical or inclined at angles of 70°

to 80° to the E.S.E., they have the appearance of forming the lower walls of the noble

building. Between this rock and the lower ridge upon the west, the carriage road

passes through a depression, which is probably on the line of a fault, for upon reach-

ing the quarries we find the strata in a parallel ridge dipping to W.N.W. 45°. These

relations will be understood by inspecting this wood-cut.

50.

Garden terraces. Castle rock. Road and fault. Old quarries.

The character of the strata varies much, even in a very short distance ; but in a trans-

verse section made near the south end, the quarries present in descending order

:

Feet.
a. Purplish brown, calcareous grit, with many fragments of encrinites, in beds from eight inches to one foot

and a half, with way-boards of red shale, in parts a sandy and gritty, in others an encrinital, subcrystal-

line limestone (see wood-cut,) 20
b. Blotchy grit with much red shale

, 5

c. Hard, fine-grained, calcareous grit, passing downwards into a mottled, dingy green, and purple impure
limestone with irregular traces of way-boards 6

d. Purple and white limestone with blotches of red shale 4
e. Hard, fine, thick-bedded, calcareous conglomerate, red where weathered, but greyish where freshly broken.

It consists of fragments of encrinites, green earth, chocolate-coloured schist, and a few quartz pebbles,

of sizes varying from almonds to small peas Q

f. The lowest bed visible is a purple and whitish, semi-crystalline limestone with white veins 3

So numerous are the dislocations at this spot, and indeed through every part of the park, that

these beds can be traced continuously for only a few paces to the north-east, when they are thrown
back into another low ledge, the strata of which dip 70° to the N.N.W. In this the prevailing

colour is grey, and at the extremity of the quarries, the beds pass into concretionary, subcrystalline,

hard, impure, mottled limestone. Where these rocks do not form separate knolls, their course is

marked by the red roads or red land produced by the decomposition of the beds extending from
Welch Pool through Powis Castle Park, to the Red Lane, where the axis subsides.

1 Some idea of the beauty of this scene may be formed from the sketch prefixed to this chapter. It is

taken from Powis Castle looking to the Breiddens, and presents almost the same outline as a coloured drawing
by Lady Lucy Clive. The name of the castle in Welsh is Castel-coch or goch (Red Castle).
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Separated from the zone of Welch Pool by the flags and mudstone of the intervening ridge of

Golfa and its dependencies, is another low elevation of red rock near the Quakers' burial ground.

It is composed of slightly micaceous and argillaceous red sandstone, overlaid by slightly calcareous

beds and quartzose red conglomerate, fine-grained purple grit, and flag-like sandstone, containing

portions of trilobites {Trinucleus) and rounded impressions of stems of encrinites, precisely like

those of the Caradoc sandstone. The pebbles are quartz, varying in size from hens' eggs to beans,

and the matrix is calcareous; the beds being separated by thin courses of red spotted shale and
calcareous concretions of red, green and purple colours. These beds dip 45° to the N.N.W. and
are traversed by a number of joints. The line of this elevation of the lower rocks is indistinctly

traceable to the north-east into the high road between Garth and Welch Pool. It is met abruptly

by a much higher elevation of similar rock in the hill of Moel-y-Garth (860 feet above the sea), the

direction of which is transverse to that of all the ridges of this district, being nearly north-west of

south-east 1
. The structure of this remarkable hill is well exposed in different quarries on its south-

western face, where the beds dip away to the W.S.W. at angles varying from 40° to 60° and consist

of flaggy, grey sandstone and shale, hard, purple conglomerate grit and sandstone, greenish and
brownish, slightly micaceous, grey sandstone, &c. In these beds are casts of the large Orthis

expansa, PI. 20. f. 14, and other shells, with encrinital stems. The rocks of the Moel-y-Garth have

a tendency to slaty cleavage, the laminae in one part being nearly vertical, and ranging from 10° east

of south to 10° west of north. In quarries near the summit of the hill the brownish hard sandstone

is split by joints into parallelopipeds, the surface of the beds being covered with black and purplish

blue oxide of iron and some thin pellicles of shale. Beyond the north-western extremity of Moel-
y-Garth, the strata resume the prevailing strike of the country, and red rocks of the Caradoc sand-

stone, occupying hillocks at Hendrechen, range to the north-east by Croes-wood to Gaerfawr, where
they attain the height of 754 feet.

Gaerfawr 3
, though of no great altitude, is a very striking object, for as it is the last hill of any

note upon this parallel, it impends over the flat valley of the Severn. An excellent transverse section

of a portion of the Caradoc sandstone is seen in a gorge passing from the valley of Guilsfield to the

north-west of Gaerfawr. The strata dip to the west and north-west, at angles which are highest

near Guilsfield and decrease in the overlying strata, which succeed each other in the following

ascending order :

1. Argillaceous, sandy shale. 2. Thin-bedded, highly micaceous, hard sandstone, splitting into rhombic fragments, with
casts of shells on the surfaces of the beds. 3. The same sandstone with casts of shells marked by yellow hydrate of iron

;

beds four inches to one foot. 4. Thick beds of calcareous grit, passing upwards into a light grey impure limestone with
fossils

:
forty or fifty feet of this rock are exposed in one quarry, the beds dipping from 40° to 35° to the north-west, but

only the three or four feet of the uppermost stratum are calcareous. 5. Grey shelly sandstones form the western and
north-western slopes of the Gaerfawr, with some courses of sandy shale and two bands, at least, of dark indigo, subcrystal-

line limestone.

1 LordClive informed me that owing to this transverse direction Moel-y-Garth is called in Welch the Head-
land of Powis, being in fact laid athwart the other ridges. (See Map.)

2 Impure limestone, forming part of the Caradoc formation and similar to the rock of Gaerfawr, is well laid

open in quarries at the north-western foot of Moel-y-Garth, where in my last visit (Oct. 1836) I observed
several convoluted fossil forms with which I was not familiar, but was unprovided with a sufficiently heavy
hammer to extract them. I recommend this quarry to the attention of the fossilist ; it lies about one mile
south and by west of Guilsfield.
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The shells most abundant here, are Orthis expansu, O. testudinaria, O. bilobata, O. canalis, fyc.

These latter beds with shale (near a spot called the Gryfin) pass at an angle of 20° under variegated

conglomerate, composed of quartz, slate, hornstone, &c, the fragments varying in size from pins'

heads to a man's fist. The strata, like those of the Moel-y-Garth, are traversed by joints which cut

through the quartz pebbles, and their fractured surfaces have often a high degree of polish. This

red conglomerate, overlying the whole system of the grey sandstones of the Gaerfawr, proves that

the similar red conglomerate and gritty beds of Welch Pool, Powis Castle, the Quakers' burial-

ground, and other places which rise from beneath the overlying mudstones or Upper Silurian rocks,

form the upper strata of the Caradoc sandstone or Lower Silurian Rocks. The conglomerate beds

passing into grits more or less red and occasionally calcareous, may be followed from the north-

western flank of the Gaerfawr for about half a mile to the north-east and about two miles to the

south-west, the grey and calcareous sandstones uniformly rising from beneath them. If the trans-

verse section from the ridge of Gaerfawr to the north-west be continued, we pass over about three

miles of undulating country and hilly grounds, from 700 to 900 feet above the sea, the whole com-

posed of the mudstone or Upper Silurian Rock, before we reach the beautiful vale of Meifod, watered

by the Fyrnwy, on the left bank of which are numerous ridges of Caradoc sandstone.

This formation now begins to assume even more importance than on the flanks of

Caer Caradoc ; for from the banks of the Fyrnwy to those of the Tanat it occupies

the whole region. The first ridge is marked by its sharp and narrow form. The

highest part, or north-eastern end, called Alt-y-maen, is 1160 feet; Galt-yr-Ankr, its

south-western, is 740 feet above the sea ; the strata of the former dipping at an angle

of 70°, those of the latter 60° to the south-east. The direction of this ridge is there-

fore parallel to that of Gaerfawr, or in other words the valley of the Fyrnwy is

parallel to that of the Severn. These inclined strata of Caradoc sandstone are slightly

micaceous and occasionally calcareous, of grey and brownish grey colours externally,

but dark bluish grey when cut into. They are filled with the characteristic fossils, viz.,

Orthis bilobata, PI. 19. f. 7. ; O. testudinaria, PL 20. f. 9. j O. alternata, PL 19. f. 6. ;

0. expansa, PI. 20. f. 19. ; 0. Pecten, PL 21. f. 9. ; and many fragments of trilobites of

the genus Trinucleus. The shelly matter having in general disintegrated, the impression

only is left in sandy ferruginous cavities. The fossils are usually arranged in irregular

layers, but they sometimes pass into large sub-concretionary spherical masses. In de-

tailing the structure of this country we must remind the reader, that to the east of the

Fyrnwy, the Caradoc sandstone is thrown up only at intervals, along different axes of

elevation, for the most part parallel, leaving between them troughs filled with undulating

masses of the younger deposits. (See PL 32. f. 9.) In proportion as examination is

extended to the north-west, the older strata are repeated with much greater frequency

in the numerous parallel ridges lying between the Vale of Meifod and the south-eastern

flanks of the Berwyn Mountains. At the south-western extremity of the Meifod Ridge

(Galt-yr-ankr) the strata bend round from their south-easterly inclination and dip, first

to the west and afterwards to the north-west, and thus beds of nearly the same age are

repeated in each of the sharp ridges on the banks of the Tanat, as in those which
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approach to the south-eastern face of the Berwyns, the section across them exhibiting

a number of anticlinal and synclinal lines.

The structure of the tract between the Ffyrnwy, and the Taunat, as explained above,

and in the section (PL 32. f. 9.) was pointed out to me by Professor Sedgwick. To

determine the boundary line between the Cambrian and Silurian Systems, he led me to

the flanks of the Berwyns, and on the banks of the lurch, a tributary of the Taunat,

we observed that the rocky gorge called Craig-y-glyn and the ridge
1

of Mynidd-mawr
r.

were composed of Lower Silurian Rocks. These strata dip to the S.E., beneath the

Caradoc Sandstone, and repose upon the more ancient rocks of the Berwyn chain. (PL

33. f. 9.) They consist of blueish and dark grey calcareous flagstones, slightly mica-

ceous, passing into earthy limestone and also into sandstone. Joints of encrinites

abound in the limestone, and casts of them in the sandstone. The most interesting fossil,

however, is the Asaphus Buchii. It has before been stated, that this crustacean charac-

terizes the Llandeilo flags ; a formation well defined by its mineral and zoological cha-

racters. The clear evidence of the relative antiquity of these beds was therefore a subject

of great satisfaction
;
particularly as it proved, that however great and frequent might

be the lines of disturbance in this region, occasioning many breaks and powerful un-

dulations ; still the strata had progressively increased in thickness from south-east to

north-west, exhibiting a fulness and clearness of succession, which it was very import-

ant to point out, in the history of such ancient deposits.

These fossil beds are affected by slaty cleavage like those of the Moel-y-garth, but

to a much greater degree. They dip from 15° to 25° to the south-east, the inclina-

tion decreasing towards the valley of the Tanat. The lines of true bedding could

with difficulty be traced if the rock were not fossiliferous, but the trilobites, encrinites,

and other organic remains, including the Orthis protensa, (PL 22. f. 8. 9.) mark the

laminse of deposition. The other lines which obscure the true stratification are two-fold.

1st. Innumerable lines of cleavage, which cross the beds at high angles, dipping 70°

north-west : these are all precisely parallel to each other, the cleavage passing directly

through the bodies of organic remains, pebbles, and concretions. 2ndly. Joints, nearly

vertical, more or less irregular, which are several feet apart.

Veins containing lead ore, penetrate the flagstones, and are more or less abundant

along the eastern flanks of the Berwyn chain. As persons unaccustomed to work in

countries where the strata have the slaty impress, would have difficulty in distinguishing

the true dip from joints and planes of cleavage, I refer them to the writings of Professor.

Sedgwick, who first clearly drew the distinction, and to the diagrams pp. 359, 360, 393,

and 400, explanatory of the structure of similar rocks in Caermarthenshire and Pem-

brokeshire
2

.

1 Cader Ferwyn is 2715 feet above the level of the sea. These lower ridges are about three miles north of

Llanrhaiadr, and rather more distant from the celebrated and striking waterfall of Pistill Rhaidyr. (See Map.)

- In this example the position of the organic remains removes all doubt in distinguishing the lamina? ox

deposit from the planes of cleavage. In those rocks where organic remains are absent, Professor Sedgwick

has taught us, that we may generally conclude that the great lines of cleavage which affect a whole mountain,
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The structure of the Berwyn Mountains, which form the upper portion of the great

Cambrian System, as well as all the rocks to the north and west of them, will be fully

described by Professor Sedgwick • but having traversed these mountains, in company
with him, I may be permitted to state, that they mainly consist of coarse slaty rocks,

Their overlying masses contain a few impure calcareous courses with casts of fossils,

and at intervals thick and massive bands of porphyritic trap as well as thinly laminated,

yellowish green bands of compact felspar and other rocks of igneous origin. On their

north-western face, these mountains are flanked and underlaid by lower ridges of other

slaty rocks, containing many massive beds and elongated concretions of dark grey lime-

stone, some crystalline, others earthy and impure, in thickness of 10, 12, and 20 feet.

In the hills east of Bala these limestones are pretty extensively quarried, and clearly

dip under the chief mass of the Berwyns. Among the fossils, including those of the

Bala limestone, the following occur Orthis anomala, Schlot. PI. 21. f. 10. ; 0. Actonice,

PI. 20. f. 16. ; O. canalis, PI. 20. f. 8. ; O. compressa, PI. 22. f. 12. ; O. Flabellulum,

PI. 21. f. 8. (a) ; 0. lata, PL 22. f. 10. • 0. Pecten, Dalm. ? PI. 21. f. 9. ; 0. protensa,

PI. 22. f. 8. 9. ; 0. testudinaria, Dalm. PL 20. f. 9.
;
Bellerophon bilobatus, PI. 19. f. 13.

;

Lept&na sericea, PI. 19. f. 1,2.; with two or three unpublished species.

As these -shells abound also in the Lower Silurian Rocks, it would seem that as yet

no defined line of zoological division can be drawn between the Lower Silurian and

Upper Cambrian groups, and that as our knowledge extends, we may probably fix the

lowest limit of the Silurian System beneath the line of demarcation which has for the

present been assumed. In the meantime, transitions which, like this, are clearly marked

by stratigraphical, lithological, and zoological proofs, are of the highest value in esta-

blishing the true classification of sedimentary deposits. Though frequent in the over-

lying formations, as developed in the previous chapters, they are necessarily of rarer

occurrence among the oldest fossiliferous strata, owing to the greater number of con-

vulsions and changes, which they have usually undergone, and hence the geological

value of this section. In Caermarthenshire, similar passages will be pointed out; but

in that region, the beds in question are neither so largely developed, nor so much
charged with fossils as near the Berwyns. To what extent the same species of shells

which characterize the Lower Silurian rocks, descend into the Cambrian System, is

not yet satisfactorily determined ; nor can it be so, until the oldest fossiliferous rocks

of Cumberland, Wales, and Devonshire are brought into close comparison, and their

specific contents accurately determined 1

.

In the accompanying map it will be perceived, that wherever the Lower Silurian

rocks pass into the Upper Cambrian, as on the flanks of the Berwyns and in certain

running in planes mathematically parallel to each other, are not the laminse of deposit. The latter have

indeed always more irregular and uneven surfaces, which are frequently to be traced by decomposing edges or

furrows on the weathered sides or joints of the rocks, often filled by patches of moss and grass. (See Sedgwick

on slaty cleavage, Geol. Trans, vol. 3, p. 460.)

1 Professor Sedgwick's works on Cumberland and North Wales, as well as a joint memoir by him and myself

on the older Rocks of Devonshire, will, it is hoped, in a great measure, clear up this point.
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parts of Caermarthenshire, the colours indicative of these formations are not very dis-

similar ; while in all the tracts where there is abrupt collocation of masses of different

age, the intermediate strata being omitted, the boundary is rigorously defined by strongly

contrasted colours.

Dislocations along the Boundary between the Silurian and Cambrian Systems.

I have said that a transition from the Silurian into the Cambrian System is rarely to

be detected. This is clearly proved by passing from the Berwyns northwards into Den-
bighshire, or southwards into Radnorshire, for we then see that all simplicity and
clearness of succession vanish. Powerful lines of disturbance mark the frontier ; on
one side of which are certain members of the Silurian System (seldom even the lower

group), on the other old slaty rocks of the Cambrian System. Examples of such rela-

tions may be observed along the flexuous demarcation extending from the Berwyns to

Moel-ben-tyrch. (see Map.) A traverse to this last-mentioned mountain from Llanfair,

five miles east of it, exhibits a space watered by the river Einion and occupied by grey,

graptolite schist, in vertical and undulating beds, with a strike varying from north-east

and south-west to N.N.E. and S.S.W. Large portions of this tract are denuded and
covered with coarse detritus derived from the mountains on the west. I consider those

schists to belong to the lowest members of the Upper Silurian rocks which have been
mentioned as undulating throughout a wide area between Welch Pool and Newtown.
This region of mudstone is bounded on the west by a chain of rocks of very different

composition, which ranges from Moel-ben-tyrch to near Llanwnnog, six miles west of

Newtown, and is thence prolonged into Radnorshire in the mountains south of Pen-
strowed. The prevailing rocks in these wild tracts is a hard, quartzose, slaty sandstone,

passing into a coarse grit (the greywacke of foreign geologists) usually of grey, but
sometimes of purplish, brown, and ferruginous colours. In Moel-ben-tyrch I detected
casts of encrinites and corals in this rock, but in general it is void of fossils, and litho-

logically unlike all the strata described, except certain grits and sandstones of the
Longmynd in Shropshire. There is, therefore, no doubt that it belongs to the Cambrian
System, and that it is of higher antiquity than the fossiliferous strata on the eastern flank

of the Berwyns. Along this line of separation the absolute contact of the Silurian and
Cambrian rocks is rarely discernible, owing to the vast accumulations of detritus above
alluded to, but on ascending the older chain a startling phenomenon presents itself.

Instead of rising to the north-west in their regular order, these older rocks usually dip

2 Q
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north-west, and have thus the appearance of being in a position overlying the younger

deposits
1

.

This inverted position, which is traceable at intervals for a great distance, has doubt-

less arisen from the intensity with which the Welsh Mountains have been dislocated.

Surprising as this phenomenon may appear to those who have not studied geology, it is

not without parallel in other mountain chains. I have myself observed it on the

northern face of the Eastern Alps, where the newest secondary deposits are broken off

by enormous faults and dip under the oldest rocks in the centre of the chain ; and even

in this country, inversions similar to these will be specially adverted to and their causes

explained in a subsequent chapter on the Malvern and Abberley Hills
2

.

1 The dip at Moel-ben-tyrch is N.N.W. (See chapter 31, on the Abberley and Malvern Hills.)

2 The sheets of the Ordnance Survey relating to it were not published when I first examined this tract, and

therefore I do not profess to have laid down with minute precision the boundary line between the Silurian and

Cambrian Systems throughout Denbighshire and Montgomeryshire. In the northern part, indeed, I have

depended chiefly on the assistance of Professor Sedgwick. At Moel-ben-tyrch, however, and at the Berwyns,

the demarcation is, I trust, accurate. To render the outlines more accurate, I now avail myself of the issue of

two new quarter sheets of the Ordnance Survey to visit the tract again, while these pages are passing through

the press.—August 19, 1837.







CHAPTER XXV.

SILURIAN, CAMBRIAN, AND TRAP ROCKS IN RADNORSHIRE.

Upper and Lower Silurian Rocks of Presteign, the Vale of Radnor, Radnor Forest,

fyc— Cambrian Rocks in West Radnor.— Volcanic Group and Altered Rocks

of Old Radnor. (PI. 33. figs. 1, 2, 3, and 4.)

Quitting the region where the best types of the Silurian System are exhibited, let

us now follow these rocks upon their strike from north-east to south-west, through the
counties of Radnor, Brecknock, and Caermarthen, till we take leave of them in the

coast-cliffs of Pembrokeshire.

In this long course of one hundred and fifty miles, I shall successively direct attention

to the prominent features of the system in each district, indicating specially those places

where the distinguishing rocks disappear and re-appear.

We shall afterwards trace them wherever they rise from beneath the younger depo-
sits on the eastern side of Herefordshire, and in Gloucestershire, Worcestershire, and
Staffordshire.

Ludlow Rocks on the South-eastern side of Radnorshire.—The Ludlow rocks between
Aymestry and Presteign occupy the ridge of Shobdon Hill and Wapley Court, but the
central band of limestone, containing the Pentamerus Knightii, is no longer visible ; so

that the Upper Ludlow is separable from the Lower only, by observing the fossils pecu-
liar to each, or by the harder stony character of the former, as distinguished from the
perishable, argillaceous structure of the latter. Thus united, the Ludlow rocks fold

round the north and west sides of Presteign, passing under the detached outlier of Old
Red Sandstone at Norton

; the upper Ludlow rock, as quarried at many places,

being usually charged with the same shells as in the Ludlow district. (See various
quarries around Presteign.) Instructive and clear sections of the Ludlow rocks are
again displayed in the prominent ridge extending from the beautiful high grounds of
Eyewood Park by Bradnor and Hergest Hills, north-west of Kington, the strata dipping
to the south-east at low angles beneath the Old Red Sandstone. (PL 33. f. 2.) There
are numerous quarries, both in the eastern face and in the abrupt western escarpment
of these hills, and the beds abound with the usual fossils or their casts. In the ex-
cavations of Bradnor Hill above Kington, many of the beds are highly calcareous, in
consequence of the shelly matter of these fossils, particularly Leptcena lata,Cypricardia
amygdalina, Spirifer ptychodes (Dalman), Orbicula rugata, Orthis lunata, &c. These beds

2 q 2
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are overlaid on the face of the hills by courses of thin-bedded building-stone similar to that

at Downton Castle. On the whole these rocks are rather more micaceous than at Ludlow.

The Lower Ludlow Rock is well seen in a transverse section north-west from Bradnor

to Herrock Hill, on the sides of which dull, dark-coloured, thinly laminated shale,

without mica, and containing nodules of argillaceous limestone, dips under the harder

strata of Bradnor Hill.

The Upper Ludlow Rock is again seen all along the Hergest ridge, and thence by

Gladestrey to Pain's Castle, where the formation is strikingly displayed filled with well-

preserved fossils, and overlaid by ridges of Old Red Sandstone. In no portion of the

region examined are the relations of the Ludlow rocks to the overlying system more
clearly shown than between Pain's Castle and the Wye. The Old Red Sandstone oc-

cupying the Clyro and Begwn Hills is succeeded on the north-west by a series of lower

terraces of Ludlow rock, the beds of which all dip conformably beneath and graduate

upwards into the Old Red. This " terrace under terrace " is beautifully marked near

Pain's Castle at the escarpment of the Begwn Hills, and extending thence by Llanste-

phen to the Trewerne hills on the left bank of the Wye. It was here that I first ob-

served a passage downwards from the Old Red Sandstone into these older formations,

as represented PI. 31. f. 1. The beds are rich in organic remains. Among the usual

and characteristic fossils, the small Pleurotomaria Corallii occurs, surrounded by the

same species of coral which envelops the shell at Ludlow, Delbury, Larden, Botville,

&c, in Shropshire. The strata dip at low angles to the north-east.

In the immediate vicinity of the Begwm Hills, the lower part of the Ludlow forma-

tion has been violently contorted, especially in the narrow mountain gorge in which

the Bach-Howey (Brach-Wye, or tributary of the Wye,) falls over a vertical cliff at

Craig-pwl-du. These contortions being among the most remarkable to which this

formation has been subjected, a sketch is annexed.

51.
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Course of the Wenlock Limestone in Radnorshire.

Between the limestone of the undulating hills of Lingen and the next point where

that rock re-appears to the south-west, is the broad denudation around Presteign ; but to

the south-east of the town rises a sharp low ridge extending into the Nash Scar. On
the north and south-east this ridge is flanked by a limestone identical in position and

organic remains with that of Wenlock. Another depression succeeds to the south-west

of this ridge, and the limestone is again lost, but it re-appears on the flanks of the trap

hills of Old Radnor. There the band of Wenlock limestone is much broken, contorted,

and in parts highly altered ; but as these phenomena are intimately connected with the

contiguous trap rocks, they will be described in the following chapter. I shall here

mention only a few facts connected with the development of the limestone and its

organic remains.

Haxwell. Nash Scar.

52.

At the north-eastern termination of the Nash ridge, some beds of the Wenlock shale with nodules

and two thin courses of limestone are thrown off the inferior strata at angles (dipping 50° N.N.E.).

The limestone here is foetid and highly argillaceous. Corals similar to those at Wenlock occur in

the way boards of shale, and in the surface of the limestone Asaphus caudatus, Calymene variolaris,

Calymene macrophthalma, Isotelus (Bar Trilobite), &c, and other characteristic fossils are also

met with. This patch of limestone and shale is disconnected from that of the Nash Scar by the

protrusion of certain underlying grits of the Caradoc sandstone j but even in the great amorphous

masses of limestone in the Scar, a* of wood-cut, we again find several of the well-known fossils of

the formation, such as Productus lepisma (Dalman), Nerita spirata, and large steins of Crinoidea.

Besides these fossils, including Orthoceratites, Mr. Edward Davis 1 has discovered one specimen of

the Pentamerus Knightii in this limestone, the only exception to the rule which I have laid down,

that this fossil is peculiar to the Aymestry limestone. These fossils are, however, found most

abundant in the accompanying shale at the north end, and towards the south-western end of the

calcareous cliff, where the lines of stratification are best seen, and particularly on the sides of the

quarries at Haxwell a a, where a bulging mass of the limestone distinctly bedded is thrown off both

sides of a nucleus of the quartzose grits of the Caradoc sandstone b, as represented in the above

wood-cut. The unaltered or slightly altered portions of the limestone are brownish, subcrystallme,

and bituminous. They are convertible into lime with a less quantity of coal than the hard crystal-

line unbedded limestone a*, called by the workmen "Jew stone 2." However obscure in the larger

1 Mr. Edward Davis is son of my friend Dr. Davis of Presteign, to whom I am indebted for much valuable

assistance.

9 The basalt of the Clee Hills is also called Jew stone, p. 126, and the same name is applied to hard quartzose

altered coal sandstone near Kinlet, p. 167. This quarriers' term is, therefore, evidently used to designate all

hard unmanageable rocks of uneven and splintery fracture, whatever may be their colour and composition.
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masses of the rock, planes of stratification may be seen on most parts of the south-eastern face of

the cliff above the high road, dipping 60° to the east, and thus they may fairly be said to rise from

beneath the Lower Ludlow Shale of the adjoining valley of Knill.

In one of the upper portions of this rock, where the unbedded character prevails, a cavern 1 of

about thirty feet by twenty-five was cut into a few years ago. (See letter o of preceding wood-cut.)

From Woodfield to Old Radnor the limestone is again lost, but at the latter place it re-appears in

great force both on the north-western and south-eastern faces of a hill of trap, sometimes highly

altered and dislocated, as will hereafter be described. In other places, however, south of Old

Radnor, and at a certain distance from the trap rock, the limestone in its unaltered condition dips

gently to the north-west. It is there regularly bedded, grey, and subcrystalline, with way boards of

clay, and contains several Wenlock fossils, particularly corals. It passes under the dark-coloured

shale of the Vale of Radnor, which represents the Lower Ludlow Rock. Among the many absurd

trials for coal in this district, no one appears more inexplicable than the sinking through the shale

at this place. The slightest acquaintance with the stratification of rocks would prove, that the shale

in which the shaft was sunk rests distinctly upon the limestone. Such trials, therefore, if persevered

in, could only establish either the persistence or the thinning out of the limestone beneath this

shale. The discovery, however, of the subterranean continuance of this limestone would in itself

be valuable, since Old Radnor is the most south-westerly point where any large mass of limestone

has been detected in the whole range of the Upper Silurian Rocks of South Wales. It is conse-

quently transported to great distances, even sixty miles ; and although there is yet an enormous

unwrought mass of it in the Nash Scar and in the low hills south of Old Radnor, it is well to reflect

that if the same limestone is regained at a slight depth, which owing to the very gentle inclination

of the strata is highly probable, it may be profitably extracted when all the exposed portions shall

have been exhausted 2
.

Lower Silurian Rocks in Radnorshire.

The Lower Silurian Rocks are little developed near the eastern frontier of this county.

Some of their upper beds have been alluded to as forming the nucleus of Nash Hill near

Presteign. They there occur in arched, highly inclined, and vertical strata of hard

quartzose grits and fine conglomerates, rising from beneath the Wenlock limestone, and

throwing off unconformably on the opposite flank, ledges of Old Red Sandstone and

Ludlow rocks. Above Corton Gate they contain casts of some of the most characteristic

shells of the upper beds of the Caradoc sandstone, such as the Pentamerus oblongus and

P. Imvis. There are also traces of these rocks on the sides of the Old Radnor Hills.

The greatest mass of them emerges from the surrounding shale in the great trap district

of Llandegley, Llandrindod, and Builth, but whether consisting of Caradoc sandstones

1 I did not examine this cavern, as the many heavy lumps of limestone which had fallen upon the floor would

have prevented the possibility of discovering whether it had been the habitation of carnivorous quadrupeds.

Like most caverns in limestone its sides and rifts are ornamented with stalactites.

2 The spot here indicated (the property of the Right Honourable Frankland Lewis) is still nearer to the great

non-calcareous region than any of the present works.
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or Liandeilo flags, they are so interlaced with trap rocks that they can only be described

together in the special account of these rocks which follows in the ensuing chapter.

Lateral or Western Expansion of the Upper Silurian Rocks in Radnorshire.

It has been shown that in the west of Salop and the contiguous parts of Mont-

gomeryshire, the whole Silurian system has been repeatedly folded over in undulating

masses by the protrusion of trap and the elevation of the Lower Silurian rocks on

parallel lines, throwing off in succession the younger deposits. In Radnorshire are

only two such lines of disturbance, one extending from Old Radnor to Presteign, along

which, as already shown, the Caradoc sandstone is brought to day. The other is that

of the Llandegley and Llandrindod district, where trap rocks and strata of similar age

reoccur. With these exceptions nearly the whole of the country to the east of the river

Ithon is occupied by the Upper Silurian Rocks, which, in the absence of subdividing

limestones to limit the Ludlow and Wenlock formations, is simply one great mass of

mudstone formed of innumerable strata of flag and shale.

In many of the hills, particularly near the summits of those which are not highly inclined, the

Upper Ludlow Rock is well marked by its harder character and usual shells, as in the Maen Hill,

south-west of the Vale of Radnor, and near the top of Radnor Forest, which is capped by a gritty

sandstone (the firestone of that tract) representing the bottom beds of the Old Red Sandstone.

The Upper Ludlow Rock, perfectly characterized by its organic remains, is also exposed in va-

riously inclined strata in the gorges of the Teme above Knighton, affording at Felindre a most

illustrative passage into the Old Red Sandstone of Clun Forest. (See p. 191, and Plate 33. f. 1.)

In nearly all such cases the Upper Ludlow Rock is underlaid by shale, sometimes so hard as to

constitute flagstones, and these are succeeded by lower beds of shale of vast thickness, which

must therefore occupy the place of the Wenlock shale, for in the Llandrindod country the shelly

sandstone and grit appear at once from beneath them. The zone of hard flagstones is precisely

of the same age as those which occur in the Lower Ludlow Rock in Radnor Forest, the Black Hill,

and many places in Salop. They are very largely quarried, and in slabs of enormous size, at

Yechad and at Trevod on the south-eastern slopes of Kerry Hill, and, although not of durable

quality when exposed, they are very useful for in-door purposes. They contain Cardiola inter-

rupta and C. Jibrosa, together with GraptolHes, &c. Similar flagstones of the Lower Ludlow
Rock are extracted from the sides of the deep ravines in Radnor Forest with the same and other

characteristic fossils, including many Orthoceratites, and in slightly inclined positions underlying

the Upper Ludlow Rock. In like manner all the undulating hills south-west of the Vale of Radnor,

or between it and the Wye, belong to the Ludlow formation, the lower strata being well exposed in

many parts. In the gorges of the Wye, between Erwood and Builth, rocks of this age constitute

picturesque grey cliffs, the slightly inclined strata presenting their edges to the eye of the traveller,

the rock being in some instances exceedingly hard and compact. In one spot only I observed thin

impure calcareous bands, or bastard limestone, viz. near Aber Eddw, about four miles east of

Builth, in the hills overhanging the river. As these beds dip under unequivocal Upper Ludlow
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Rock, and contain the Pleurotomaria Corallii, the TerebratulaJVavicula, Tentamerus sulcatvs, &c,

they probably represent the Aymestry limestone. The heights occupied by these rocks in Radnor-

shire are marked upon the map, Radnor Forest, the highest, being 2200 feet above the sea. Whilst

the strata of these mudstones extending over the north -western highlands of Radnorshire are soft,

incoherent, and perfectly useless, with the exception of the very uppermost beds and the lower

flagstone, a large portion of the Upper Silurian Rocks on the banks of the Wye are much indurated

and very hard, as in the contorted strata in the gorge of Craig-pwll-ddu and in many parts along

the banks of the Wye, and also between Erwood and Henault. They are underlaid by very thinly

fissile beds, quarried as tiles. It would be useless to specify all the undulations and dislocations

of these rocks, in the hills forming the great featureless, argillaceous tracts between Radnor Forest

and the Ithon. The new road leading from Builth and Llandrindod to Newtown, ascending by the

left bank of the Ithon, is cut through promontories of these rocks, and affords many illustrations

of such phenomena, the strata dipping to the E.N.E., E.S.E., and even to the north-west. (Castle

Twmpath, Llanbadarn Fynidd, &c.)

In this district, there being no trace of limestone, it is impracticable to subdivide the

mass into formations, or even to endeavour to separate with accuracy the Ludlow from

the Wenlock formation, the whole representing, as before stated, the Upper Silurian

Rocks. They occupy in fact a broad and deep trough, lying between the ridges

of the older slaty rocks of the Longmynd on the north-east, and those of similar age

on the west, which we are about to describe. By this arrangement the Lower Silurian

Rocks never rise to the surface, the upper or mudstone strata being unconformably

recumbent along their western frontier upon strata of the Cambrian System. We have

before adverted to this phenomenon, which extends along the line of junction of the Si-

lurian and Cambrian Rocks from Montgomeryshire to the borders of Caermarthenshire,

(See PI. 33. f. 1 . p. 310, and outline of Map.)

" Cambrian Rocks."

The right bank of the Ithon exhibits a decided change of mineral character in the

mountainous masses called the Foel, the Raltt, Bedugre, and other hills which range

from the Valley of the Severn towards Abbey Cwm-hir. (PI. 33. f. 1.) These moun-

tains are composed of quartzose grits, subordinate to slaty sandstone, probably of the

same age as that of the Longmynd or mineral axis of Shropshire, or of Moel-ben-tyrch

and other rocks in Montgomeryshire. It is remarkable, that the highest of these

mountains, Bryn-dir, the Maen Rocks, and others in the neighbourhood of David's

Well (a very slightly sulphureous spring), have all a very determined strike from north

to south, by which arrangement they are flanked unconformably by the Upper Silurian

Rocks, there being, as has just been stated, no traces in this district of any forma-

tions to fill up the interval and to represent those of Caradoc and Llandeilo or the

Lower Silurian Rocks. As the ridges of Cambrian rocks approach the valley of the



TRAP AND ALTERED ROCKS OF OLD RADNOR, ETC. 317

Clywedog, the stream flowing by Abbey cwm-hir, they veer round to the S.S.W. in

the hills of DeA^anner and Coed trewernan, whence the same strata, sometimes con-

taining thick stony bands, but more frequently masses of schistose and friable structure,

resume the true strike of the country, traversing the Camlo Hills from north-east to

south-west, and ranging into the prominent ridge of Gwastaden south-east of Rhayader.

In the latter district the sandstones assume a decidedly slaty character, occupy a vast

breadth, and are traversed from north-west to south-east by the river Wye. The lofty

hills of Dol-fan, Rhiw-graid, and Gwastaden are distinguished by summits of coarse

slaty sandstone and fine conglomerate. These ridges are parallel, ranging from north-

east to south-west, and the strata, though sometimes dipping to the south-east, are for

the most part thrown over, at greater or less angles, to the north-west. (PI. 33. f. 7.)

In the Gwastaden Hills the quartzose slaty sandstones and conglomerates dip from 35°

to 50° to the north-west. They pass into coarse roofing slates, which occur in the

hills both south-east and north-west of Rhayader, and at the fall of the Wye. Some

of the finest examples of these slaty rocks
1 and their associated conglomerates are in

the deep gorges of the river Elain, a tributary of the Wye, particularly in the crags

called Cefn Craig-y-foel, where very large, apparently concretionary masses of coarse

conglomerate, are interstratified with slates, the whole much twisted and contorted,

dipping to the north-west. Thin veins of lead occur, and have been worked near the

sources and on the banks of the river Elain.

These Upper Cambrian Rocks graduate into the older slaty rocks of Wales. There

is, indeed, no well-defined line of separation between the coarse quartzose slates of

Rhayader and the masses of more crystalline slate which are repeated upon parallel lines

between that town and Plinlymmon (Plyn-lumon of the Ordnance Map). They all

belong to the upper group of the Cambrian System, and are of the same age as many
mountains in Montgomeryshire (Moel-ben-tyrch, &c), the whole of which have been

proved by Professor Sedgwick to be of younger date than the slates of Merionethshire,

&c.

Trap and altered Rocks in Radnorshire.

Between the south-western termination of the various ridges of trap of Shropshire

and Montgomeryshire, and the rocks of the same character in Radnorshire, is a space

of eighteen or twenty square miles entirely void of volcanic matter, being exclusively

occupied by undulating strata. Round-backed hills of Upper Silurian Rocks occa-

sionally carry over upon their surface the lowest beds of the Old Red Sandstone.

The Radnorshire trap rocks diversify these soft hills, by shooting up in distinct stony

ridges, running from north-east to south-west. The most eastern is the Old Radnor

1 By consulting the section, PI. 33. f. 7, it will be seen that these slaty rocks contain within them vast

masses of incoherent shale and hard grit.

2 R
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group ; the central or chief mass is included between Llandrindod and Llandegley on the

north-east, and Builth on the south-west, whilst a third and very short ridge, precisely

parallel to the others, occurs at Baxter's Bank, five miles north-west of Llandrindod.

" Old Radnor Group."

The trap of these hills bursts out through the formations of the " Silurian System,"

throwing off the Ludlow Rocks of Bradnor Hill and Hergest Ridge to the south-east,

and breaking up the inferior shales and the Wenlock limestone in the vicinity of Old

Radnor. It occupies two distinct parallel ridges, separated by a valley of shale and

limestone. The eastern, about three miles in length, comprises the Stanner Rocks,

Worsel Wood, and Hanter Hill, which are severally 1000, 900, and 1200 feet above

the sea ; the western, called Old Radnor Bill, is 1100 feet in height, and only half the

length of the other
1

. The vale inclosed between these ridges communicates with the

low country, upon the east, by a transverse depression, which separates Stanner Rocks

from Worsel Wood and the hill of Bradnor from that of Hergest, both composed of the

Ludlow formation. (See PI. 33. f. 3.)

Stanner Rocks.

The north-eastern extremity of the trap of this hill ranges into low hummocks between the farm

of Old Harpton and the south-western flank of Herrock Hill, whence it is traceable into the narrow

ridge of Stanner Rocks, forming the foreground of the sketch prefixed to this chapter, which, rising

to the height of 1000 feet, terminate opposite Worsel Wood in a precipitous cliff*. The trap of this

and the adjoining hills resemble the hypersthene rock of Coruisk in the Isle of Skye, described by

Dr. MacCulloch 2
. Like the rocks of Coruisk (which I have examined in situ) these of Old Rad-

nor pass from a coarse crystalline hypersthene rock into fine-grained greenstone, in which the

separate crystals of hypersthene are no longer perceptible. The base, however, is for the most part

dissimilar from that of Skye in the white and sometimes pink colour of the felspar, and in containing

also mottled and slaty varieties of compact felspar, some of which are of a bluish colour, glossy

surface, and brittle fracture. The felspar rocks are also granular, and in some few instances por-

phyritic. In the vertical cliff, in addition to numerous varieties of hypersthene, felspar rock and

greenstone, is a very hard compact stone of a black colour and polished surface, probably an intimate

1 The sketch facing the first page of this chapter represents the eastern ridge ; Stanner Rocks in the fore-

ground, with Worsel Wood and Hanter Hill beyond. The high ground in the distance is Hergest Ridge,

composed of the Ludlow formation.

2 On referring a fragment of this rock to Professor Miller of Cambridge he has favoured me with the follow-

ing account of it :
—"The dark mineral has one very perfect cleavage, and a dull face or imperfect cleavage

nearly at right angles to the former. Alone, on platina wire, it is fusible with difficulty. It dissolves slowly

but completely in borax, giving a head coloured by iron. The powder of the mineral is not sensibly acted upon

by hot sulphuric acid. It scratches fluor. The mineral is probably the variety of augite (hornblende), called

diallage, brongite, or hypersthene."
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admixture of felspar and hypersthene, which contains veins of white calcareous spar and crystals of

iron pyrites. On one of the gnarled summits of these rocks are patches of a quartzose conglome-

rate, of which more will be explained in describing Old Radnor Hill.

Worsel Wood.—This is the small central conical hill seen in the sketch prefixed to this chapter.

It is covered with trees and offers little of interest on the surface, but near its base I found dark

fine-grained compact felspar, and traces of the same varieties of trap as in Stanner, with much
disseminated calcareous matter.

Hanter Hill.—In this hill, the most prominent of the group, are many of the modifications of

hypersthene rock described in Stanner ; the coarse-grained whitish and greenish felspar, traversed

by crystals of dark-coloured hypersthene being predominant. Some masses of this bold and conical

hill are of a slightly porphyritic structure ; others consist of slaty and concretionary felspar rock,

with crystals of common felspar.

The coarser varieties of the hypersthene rock apparently occur near the summit, and in some of

them carbonate of lime is disseminated between the crystals of hypersthene and felspar. Iron py-

rites is common.

Old Radnor Hill.—The mass of this hill is a dark greenstone or hypersthene rock, and with a

somewhat concretionary trap, which has a fragmentary aspect, owing to small cracks traversing the

rock. Masses of grey and pink compact felspar, passing into impure serpentine, are quarried near

the church. These and modifications of greenstone are also found in the knolls around the Brook-

kiln limestone quarries, &c. Nests and thin coatings of anthracite accompany the trap of Old

Radnor, as also crystals of copper and iron pyrites,

53,

a. Trap (Old Radnor Hill). b. Conglomerate. c. Limestone.

Thrown off the western flanks of Old Radnor Hill (a of this wood-cut) is a peculiar conglome-

rate (b). It has a base of grey and green compact felspar, inclosing pebbles of quartz of the size

from a bean to that of a man's fist, and occasionally grains of quartz. From this composition it

may be inferred that a stream of compact felspar, or submarine lava, entangled in it the sand and

pebbles of a former bed of the sea. This conglomerate appears in various little bosses, and is well

seen on the sides of an old lane which ascends from Harpton Court to Stockwell. (Pimply rock of

Stockwell Scar.)

On the actual side of the hill, and 200 to 300 feet below its summit, is a mass about forty to fifty

feet in width of the conglomerate grit, in almost vertical strata, having all the appearance of grey-

wacke grit. This passes beneath the limestone (c) . It is certainly a stratified deposit, occupying

the same place in the series as the volcanic grits of the Caradoc which underlie the Wenlock
limestone, and like them the pebbles and sand have been accumulated in the same manner with the

detritus of submarine volcanoes during the formation of the Silurian strata, the bedded masses being

afterwards thrown up by subsequent eruptions to their present positions.

2 r 2
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Effects produced by the trap eruption of Old Radnor upon the contiguous limestone.

The ordinary phenomena of sedimentary deposits, being altered and dislocated in contact with

trap, are displayed at numerous points around the hill of Old Radnor \ here the conglomerate is

raised into vertical walls between the trap and the limestone, there the shale is converted into an

indurated slate or Lydian stone. But besides these relations, the trap is seen in several places to

penetrate the limestone. This phenomenon is well shown at various places near the south-western

termination of the hill of Old Radnor, on both sides of the road leading to Gladestry, under the Ivy

Scar, at the Brook lime-kilns, &c. At the lime-works of Yat Hill, which are a few hundred paces

distant from the trap, the limestone dips at a slight angle from the hill and is regularly bedded, but

as it approaches the trap it becomes shattered, dislocated, and finally quite Mwstratified. Most of

the calcareous masses which have been quarried out at different levels from the abrupt face of the

trap are foetid, and the two or three feet nearest to that rock are usually in a highly brecciated and

altered state. A little west of the Ivy Scar, the limestone having been peeled off the face of the

trap rock, the thin coating abandoned by the workmen is in a brecciated state, resembling old

mortar, with an occasional seam of serpentine between the crystalline limestone and the trap.

Here the trap forms a dyke about sixteen feet in width («),

having the frothy breccia (c) on one side, and bending over on the

other upon an irregularly bedded mass of limestone (Z>), the strata

of which dip very sharply to the north-east. In this case the trap

(compact felspar and decomposing greenstone) appears to have

risen through, broken up, and overflowed the limestone, twisting

back its elevated strata in the manner here represented.

The serpentine which forms the back of the Brook lime quarries

is from twenty to thirty feet wide, the limestone in contact is very

hard, completely unstratified, and highly foetid under the hammer.
55,

a. Trap. b. Conglomerate. c. Unaltered limestone and shale. a*. Serpentine. c*. Altered limestone.

In this locality the trap throws off to the west or opposite side of the quarry some beds of the

quartzose conglomerate (Z>), which by its dip passes under the regularly bedded adjacent lime-

stone (c). One of the pebbles from these beds appeared to have undergone fusion, and induced me

to think that some of this conglomerate might be of concretionary origin. On the other side of the

trap (a) the relations are very different, the intrusive rock being separated from the limestone by a

thin band of serpentine (a*), while the limestone itself (c*) is no longer stratified, but a hard, cry-

stalline, amorphous mass which has been deeply excavated. Where the serpentine folds over this

rock, its surface is polished.

In every instance where similar phenomena have been laid bare around Old Radnor, the bands

of serpentine between the intrusive and the bedded rocks are more or less penetrated by veins of

calcareous spar, of which mineral there are no traces in the heart of the trap rock, which is then

either pure compact felspar, hypersthene, or greenstone.
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Nests and thin coatings of anthracite are also of frequent occurrence on the exterior of the trap,

and are occasionally found some distance within the altered bedded rocks, associated with minute

veins of copper ore and crystals of copper and iron pyrites.

At other points of contact where the trap throws off the shale, the latter is in a highly indurated

state, almost Lydian stone, and breaks into numerous small fragments 1
.

The phenomena of the altered deposits in contact with the trappean hills of Old

Radnor are in many respects analogous to those observed in other parts of this region,

with the difference, that the actual insertion of the trap into the limestone, and the

consequent alteration of the latter, are more plainly exhibited than in Shropshire.

Comparing small things with great, I may say, that the changes at Old Radnor are

precisely analogous to those of the Val di Fassa in the Tyrol, where numerous dykes

and protruding masses of trap, carry up on their flanks dislocated portions of shale and

limestone, the latter being frequently changed into a marble, usually separated from the

intrusive rock by a similar coating of serpentine. In the alterations of the Silurian

formations, we have every proof that the intrusive volcanic rocks penetrated the lime-

stone posterior to its consolidation. Not only are the traces of bedding obliterated

as the strata approach the trap, but the whole texture of the rock is changed
;
being

converted from an ordinary, earthy, sub-crystalline limestone into a mottled, veined,

and hard marble. Shells and way-boards of division, so common in the strata a few

paces from the trap, disappear in these amorphous masses of limestone, which exhibit,

on the contrary, veins and nests of anthracite, copper ore, &c.

The effects of the subterranean agents which produced these changes at Old Radnor are not con-

fined merely to the flanks of that hill. We find that the line of this axis of elevation has been

prolonged to the north-east through the Nash Scar to Gorton turnpike-gate, in which space the

same causes must doubtless have operated ; for although no trap is visible, the magnificent mass

of highly crystalline and altered limestone, a part of which is represented in this wood-cut,

56.

1 The Right Honourable Frankland Lewis and his son Mr. George Lewis accompanied me in an examination

of these rocks, and were of essential use in directing my attention to points of interest.
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and the contorted strata which occur on the sides of this altered mass, sufficiently well explain what

we have described in the south-western prolongation of the same axis at Old Radnor.

There is not, perhaps, in Great Britain a finer mass of altered and crystalline limestone than that

exhibited at Nash Scar, the principal cliff of which rises to the height of 200 or 300 feet above

the adjoining valley of Knill and Presteign. At Woodside and Haxwell, to the south-west of the

Scar, the limestone is stratified, as represented in the wood-cut, p. 313, and at the latter place ap-

parently folds around a nucleus ; but in receding from this point to the north, the stratified charac-

ters disappear and it rises in large and contorted folds towards the chief mass, where all traces of

bedding vanish.

Again, at the north-eastern extremity of this ridge, near the spot marked Folly on the Ordnance

map, are thin bands of limestone, subordinate to shale, which dip at a high angle, overlying the

grits as at Old Radnor. As these beds recede from the scene of disturbance they become wwaltered,

the shale being abundantly charged with Asaphus caudatus, Calymene variolaris, and C. macro-

phthalma, the Isotelus (or Bar Trilobite), &c. They mark, indeed, by their position and by their

wrapping round the north-eastern end of the ridge, the extreme point of prolongation of the axis

of the Old Radnor elevation.

Although no intrusive trap has yet been discovered beneath or on the sides of the Nash lime-

stone, the Carton conglomerate, which has been largely cut into near the north-eastern end of the

ridge, and protrudes from beneath the limestone, strongly resembles a volcanic grit. It is excavated

to the depth of forty feet, and appeared to me to be zmstratified towards the bottom. The stone

has been largely quarried for rough masonry, and the new jail at Presteign is built of it. The
matrix is a greyish blue felspar, enveloping fragments of greywacke and quartz. (See p. 320.)

As the line of broken and altered limestone of Nash and Old Radnor marks the last tract towards

the south-west, where any calcareous mass worthy of being worked, is found in the Silurian rocks

of South Wales, the demand for the limestone is so great (being transported fifty and sixty miles

into the slaty and quartzose districts,) that so much of this great boss of Nash Scar may be consumed

as will enable future geologists to discover the intrusive rocks, which I doubt not exist beneath this

converted limestone. This inference is deduced from the evidences of eruption and the changes

produced in the prolongation of this same line of fissure at Old Radnor, distant only three miles.

The strata of the Silurian System which are thrown off to the south-east and north-

west of the trappean axis of Old Radnor, are the Ludlow and Wenlock formations and

a small portion of the Caradoc sandstone. We further know that this eruption must

have taken place subsequent to the deposit of the Old Red Sandstone, as stripes and

patches of the lower part of that system are observed upon either side of the axis of

elevation in highly inclined and dislocated strata, both in the Radnor woods west of the

Nash Scar, and again at Llantowel between Old Radnor and Gladestry. (See p. 192.)

By reference to the map, it will be seen that the volcanic outburst we have just de-

scribed, is a key which satisfactorily explains the elevation of other tracts where no

trap appears at the surface ; for the line of fissure if prolonged, is precisely coincident

with the axis of elevation of the Ludlow promontory and with the great Brecon anti-

clinal, to be described in the twenty-seventh chapter.

We may conclude our notice of this tract by stating that, though upon a less scale



ACCOUNT OF THE OLD RADNOR GROUP CONCLUDED. 323

than the phenomena of the Val di Fassa, these of Old Radnor serve to explain more

clearly how shelly stratified deposits have been elevated, dislocated, and altered by the

intrusion of volcanic matter. Yet this interesting spot, which is also so attractive to

every lover of fine scenery from the varied and picturesque outline dependent upon

geological structure, and exhibiting in the composition of its trap rocks the mineral

called hypersthene, formerly supposed to be peculiar to one district only of Great

Britain, has never elicited any scientific description, although within one hundred and

fifty miles of the metropolis
1

.

1 It appears from recent observations of M. de la Beche that hypersthene rock exists also in Devonshire.



CHAPTER XXVI.

TRAP AND ALTERED ROCKS OF RADNORSHIRE {continued.)

Group of Llandegley, Llandrindod, and Carneddau near Builth. Mineral Waters

of these Tracts.—(PL 33, figs. 3, 4, 5, 6 & 7. See also Map and opposite

sketch of the southern end of Carneddau, near Builth.)

THE largest trap district of Radnorshire extends from Llandegley and Llanbadarn-fawr

on the north-east and north, to the environs of Builth on the south-west. Its extreme

length from Llandegley Wells to the Park Wells near Builth is nearly ten miles, and
the greatest breadth from Blaen Eddw and Bettws Disserth to Cefn Lys and Llandrindod

Common, is upwards of five miles. From Llandegley to Builth, the main ridges of

trap are the Llandegley rocks, Sunny-bank, Gelli, and the Carneddau. Besides these,

a great embranchment is thrown out on the north-west by Carreg-gwiber and Cwm-
brith Hill to Cefn Llys, and the hillocks north of Llandrindod Wells. On the eastern

or south-eastern flank of the main ridge, and running parallel to it, are a number of

smaller, elongated mounds of trap, having the same direction, from Blaen-Eddw and
Llandegley Rhos on the north-east, to Llansaintfraed and Llwyn-Madock on the south-

west. Many of these trap ridges inclose longitudinal valleys, excavated in the lower

Silurian shale and flag, the beds being tilted in divergent directions upon the opposite

sides of the intrusive rocks, and changes in the mineral character of the deposits are

usually visible at the points of contact. The same phenomenon is also seen at some
places on the north-western face of the chain, between the Gelli and the banks of the

Ithon near Llandrindod ; the most instructive example being perhaps that between

Gwern-y-fad and Builth, on the banks of the Wye. In addition to these intrusive rocks,

amid some of which the strata are thrown into lofty hills, are distinctly stratified traps,

alternating with beds of marine sediment.

This district, therefore, is precisely similar in its relations to the tract of Shelve and

Corndon, previously described • and it is made up of similar ridges, and deeply trenched

narrow valleys, running from north-east to south-west
1

. Great portions of the surface

are arid and barren, particularly the sloping banks, moors and commons near Llan-

degley and Llandrindod. This sterility is perhaps greatest, where the soil consists en-

1 This tract is as impassable and little visited as that of Corndon and Shelve, Shropshire.
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tirely of light yellow clay, the decomposed felspar so predominant in the central ridges
;

and particularly when the surface is choked up (as near Llansaintfread) , with numerous
loose quartzose boulders, transported from the west. I will first describe those trap

rocks which are distinctly interstratified with the fossiliferous deposits, the general rela-

tions of which are fully explained in the coloured section, PL 33. fig. 5. They prevail

in the northern portion of the district, and their centre may be placed in the hills

of Gelli and Gilwern, whence they are prolonged to the south-west by Upper-house,

Beili-brith, Carreg-gwiber and Bryn-hir (near the Three Wells) j and to the north-east

in the hills of Llandegley and Cefn-Llys. In the Gelli and Gilwern hills, these bedded

trap rocks attain the greatest heights, and consist of the following varieties.

1. Dark grey compact felspar, slightly porpliyritic, having a few imbedded crystals of common felspar. It contains, also,

dark green flattened concretions, which mark the laminae of deposit, their edges passing into a kind of steatite or serpentine.

2. The same rock, with concretions of quartz and felspar, having an agate-like arrangement, the whole streaked by ir-

regular films of serpentine, giving it a laminated, green and white aspect.

3. Grey granular trap, made up of felspar, quartz, and iron pyrites, with a little of carbonate of lime disseminated; the

felspar occasionally collected in very small concretions.

4. Clay-stone of blue milk, and light grey colours, with a few crystals of common felspar, fracture more or less con-

choidal, surface dull, with spots or minute concretions, sometimes hollow, and containing earthy matter with pyrites.

5. Same rock as 4, but more earthy, and of greenish-grey colour.

6. Do. do. more slaty, has at first sight the aspect of compact felspar porphyry, but when magnified, proves to be a dull,

granular claystone, with some concretions of felspar and many crystals of pyrites.

7. Felspar porphyry, approaching in parts to the clinkstone of Werner, of a dark greenish-grey colour, weathering out-

side to a rusty-brown : the decomposing felspar crystals leave small cavities.

Carbonate of lime occurs in small veins in these laminated traps, occasionally slightly intermixed with the other minerals.

In the Carreg-gwiber quarries, one of the light-grey felspar rocks, having its lamination marked
by dark, rusty-brown, elongated blotches of decomposed green earth, is much extracted as a

building stone. In the Berrw and other places, a cream-coloured and delicate green, fine granular

felspar rock is used as an oven or fire-stone.

The prevailing inclination of these bedded traps is to the north-west, as may be seen by crossing

the main ridge from the valley of the Eddw to Llandrindod, and the prevailing angle of dip is 40°

to 45°
j thick and thin beds alternating with the flags. On descending from the north-western face

of Gelli, a brook, the chief feeder of the Howddy, rushes down a narrow chasm, the Cwm-re, in

which this alternation is admirably displayed ; and as the flags contain the Asaphus Buchii, it is

manifest that submarine volcanic operations were in activity during the deposition of the sand, mud
and crustaceans which formed the Llandeilo flags.

The bed of this brook on the side of the hill presents the following very instructive section. (PL 33.

fig. 5., and this wood-cut.)

57,
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a. Coarse slaty felspar rock, slightly porphyritic and amygdaloidal, containing elongated concretions of green earth.

It is regularly stratified in beds of 3 to 4 feet thick, and forms the mass of the hill, rising into the higher ground.

feet, inch,

% Finely laminated greenish-grey sandy flagstone, apparently hardened near the trap 50

c. Fine-grained granular felspar and courses of clay-stone, some of which are used as oven stone 30

d. Altered flags, having a conchoidal fracture, in parts almost Lydian-stone, with crystals of iron pyrites 10

e. Grey felspar rock, the lamina} of deposit marked by ferruginous streaks probably due to the decomposition"!

of some other mineral. A thin transverse vein of quartz with some lead (ranging south-easterly) induced I ^
some of the inhabitants to drive a gallery across the beds, an effort which terminated as fruitlessly as all

j

the other mining speculations in these hills . J

/. Black shivery shale, containing a few concretions of argillaceous limestone, with veins of calc spar. One"!

of these which fell under my notice was a septarium, two to three feet in diameter, containing many im- j- 10

pressions of Graptolites 1
- J

(This band of black shale has been recently excavated to a considerable distance on the strike of the beds by

the same individuals who have sought for lead ore. In this case their object was coal, necessarily a great deside-

ratum in a district so far removed from any coal-measures. The ignorance of the speculators in this case was

surely never parallelled, their gallery having been driven for the whole distance in the very same stratum of shale,

with an inclined wall of trap rock upon each side of it.)

g. Hard, thick-bedded porphyritic felspar 4

h. Flagstone with Asaphus Buchii ; indurated in contact with the trap ; much iron pyrites 20

i. Grey porphyritic clay-stone 25

j. Black schist, with some hard stone bands, in parts pyritous 100

k. Slaty porphyritic felspar 5

I. Black shale, with stone bands and concretions of argillaceous limestone 30

m. Thin band of decomposed, granular felspar, weathering to a rusty colour and looking like a coarse oolite ... 3

n. Black pyritous schists, much contorted near the mouth of the gallery ... 40

Total...353 3

Thus in 350 feet are exposed twelve bands of stratified trap, alternating with Silurian schists and

flagstones.

The black shale decomposing into thin shivery fragments, has frequently induced the belief that it

was coal shale, and it has in consequence been repeatedly explored for coal. The same individuals

who foolishly excavated so far in the same black stratum in search of lead ore, had previously driven

a gallery to find coal 40 yards across these very inclined strata, the edges of which are exposed on

the sides of the adjoining gulley. Thus they actually drove through those very beds of which the

rivulet had already explained the true nature. It is needless to add, that when the work reached

one of the hard bands of trap, above-mentioned, it was abandoned. I shall presently advert to

other coal adventurers in this district, p. 328.

Similar alternations of flagstone, containing the Asaphus Buchii, with layers of slaty felspar rock

inclosing much green earth, are found at Upper Gilwern on the elevated southern slopes of the

Gelli, where both these varieties have been long quarried as tile- stones, the coarser or refuse beds

serving as wall-stones. In the bold promontories which run out from these central masses to the

north-east towards Llandegley, particularly on their north-western slopes, are many alternations of

stratified trap and sandstone charged with casts of Caradoc shells. (See PI. 33. fig. 6.) A section

from the north-western foot of these ridges exhibits

1st. Overlying dark shale, with slightly calcareous nodules dipping 20° N.N.W. (base of the

Upper Silurian Rocks.)

1 This species of Graptolite differs from the G. Ludensis of the Lower Ludlow Rock. (See p. 206. and PI. 26.)
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2nd. Several alternations of porphyritic, bedded felspar, with shelly, brown, Caradoc Sandstones,

dipping conformable with the above, the angle increasing with the rise of the hill. The sandstone

is worn into depressions, and the trap forms ridges 1
. The former contains the shells.

3rd. The whole of the hill called Llandegley rocks consists of bedded trap, the direction of the

beds being perfectly conformable to those which alternate with shelly sandstone on the exterior

slopes; but the angle of inclination having increased in each successive ridge, amounts to 60°

and 70°, dip N.N/W. These are the rocks which present rugged escarpments to the south-east,

where they are largely quarried as Llandegley building stones. In the depression north-east of

this escarpment, and also in descending to the village of Llandegley, are several bosses of zmstratified

trap, which seem to rise irregularly through the surrounding deposits, and throw them off on all

sides, producing veins of quartz, coats of anthracite, cavities filled with green earth, &c, in the sur-

rounding strata. These are felspar rocks, sometimes porphyritic, passing into greenstone and

quarried for the roads.

The Llandegley rocks offer a fine bold front to the north-east and constitute the termination of

this trap district. They send out a small dyke or spur of porphyritic greenstone, which traverses

the black shale with nodules in the bed of the brook close to the sulphureous wells. The inferences

deducible from this fact will be rendered more apparent when we have examined the relations of the

rocks in the vicinity of the other sources of mineral water which surround this tract, p. 334. At

Blaen Eddw, near the source of the sulphureous spring, is the same juxta-position of unconformable

trap and shale. The same at Llandrindod and at the Park Wells near Builth.

In the vicinity of Blaen Eddw are several small protuberances of highly crystalline, coarse-

grained greenstone, with a little lime disseminated, and also white and grey, granular felspar rocks,

which tilt the strata to the north-west and south-east, the latter being usually much hardened at the

contact with the trap. These bosses are not continuous for any great length ; but they are suc-

ceeded on the west by another parallel ridge of similar composition, which terminates in the fine

bold rock of Craig-fawr, the direction of which may be followed in the stony hill of Coed-mawr.

The prevailing rock in these ridges is greenstone and porphyritic greenstone, highly crystalline, and

generally with a little lime both disseminated and in veins 2
. Other bosses, all protruding in pa-

rallel lines which range from north-east to south-west, are found near Bettws Disserth and Tin-y-

coed, extending from the south end of the Llandegley rhos to the rocks south-west of Llansant-

fread. Another and a shorter parallel is seen in the neighbourhood of Llwyn madoc. In all these

cases the central bosses of trap have been thrown up in irregular masses without any appearance of

bedding, but towards their flanks is frequently a passage into distinct, slaty and bedded rocks, still

preserving a trappean character. This is well seen near Coed-mawr, where there is a transition

from a coarse greenstone in the centre of a small hill to a slaty exterior of altered flags (in part a

complete flinty slate if not a Lydian stone) with many crystals of iron pyrites. Receding from

the trap the alteration disappears, and in the valley of Bettws, near the little chapel, is the ordinary

thinly foliated black shale of the country. The black colour in this instance has again misled the

1 A beautiful variety of grey volcanic grit has been recently quarried at the Graig for the construction of

the bridge at Pen-a-bont, the strata dipping west 35p
.

3 Several large blocks of these trap rocks, having a rude columnar form, are arranged in a circle on the dreary

common of Rhos maen, about one mile east of Craig-fawr. They resemble the Druidical circles of the Isle of

Arran and others which I have met with in geological rambles. I am not aware that this Druidical circle has

been described by any antiquary. Its place is marked in the Map t

2 s 2
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inhabitants of this dingle, and galleries have been driven horizontally through these inclined beds

in search of coal. A transverse section from this spot to the chief focus of eruption around the

Gelli exhibits at least two other distinct small ridges of trap (porphyritic greenstone and felspar rocks)

alternating with shale. At Tin-y-coed, I found a credulous farmer ruining himself in excavating a

horizontal gallery in search of coal, an ignorant collier being his engineer. This case may serve

as a striking example of this coal-boring mania in districts which cannot by possibility contain

that mineral, and a few words concerning it may, therefore, prove a salutary warning to those who

speculate for coal in the Silurian Rocks.

Tin-y-coed. 58.

a. Trap. b. Black schist. b*. Schist altered in contact with trap. c. The gallery.

The farm-house of Tin-y-coed is situated on the sloping sides of a hill of trap (a), which throws

off, upon its north-western flank, thin beds of black greywacke shale (b), dipping to the W.N.W. at

a high angle. The colour of this shale and of the water which flowed down its sides, the pyritous

(sulphureous) veins and other vulgar symptoms of coal-bearing strata, had long convinced the farmer

that he possessed a large hidden mass of coal, and unfortunately a small fragment of real anthracite

was discovered which burnt like the best coal. Miners were sent for, and operations commenced.

To sink a shaft was impracticable, both from the want of means and the large volume of water. A
slightly inclined gallery (c) was therefore commenced, the mouth of which was opened at the bottom

of the hill on the side of the little brook which waters the dell. I have already stated that in many
cases where the intrusive trap throws off shale, the latter preserves its natural and unaltered con-

dition to within a certain distance of the trap ; and so it was at Tin-y-coed, for the level proceeded

for 155 feet with little or no obstacle. Mounds of soft black shale (b) attested the rapid progress

of the adventurers, when suddenly they came to a "change of metal." They were now approaching

the nucleus of the little ridge, and the rock they encountered was, as the man informed me, " as

hard as iron," viz., of lydianized schist (b* of wood-cut), precisely analogous to that which is ex-

posed naturally in ravines, where all the phenomena are laid bare. The deluded people, however,

endeavoured to penetrate this hardened mass, but the vast expense of blasting it put a stop to the

undertaking, not, however, without a thorough conviction on the part of the farmer that, could

he but have got through that hard stuff, he would most surely have been well recompensed, for it

was just thereabouts that they began to find "small veins of coal " !

It has before been shown that portions of anthracite are not unfrequent in the altered shale

where it is in contact with intrusive rock. And the occurrence of the smallest portion of anthracite

is always sufficient to lead the Radnorshire farmer to suppose that he is very near "El DoradoV
The western side of this longitudinal valley of Tin-y-coed or Cwm mawr is bounded by loftier

hills, on the flanks of which is much altered and contorted rock ; with some points of eruptive trap.

In the central district of Gelli, are many appearances of conformable alternation of shale with trap

and porphyritic flags. The north-western branch of this region ranges to the prominent rock of

1 Amid all their failures I never met with an individual who was really disheartened; a frequent exclamation

being—" Ah ! if our squires were only men of spirit we should have as fine coal as any in the world."
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Cefn Llys and to numerous knolls around and north of the church of Llandrindod, the best of

which is seen at Cet tws, about one mile south-east of Llanbadarn- favvr . The rock is here a light

grey greenstone, containing much carbonate of lime, in strings and in larger veins, evidently of con-

temporaneous origin. This rock is also penetrated by dark ferruginous, pyritous veins. To describe

all these knolls would be useless repetition, the phenomena being invariably the same as those de-

tailed on the eastern side of the main ridge. At Llanfawr, north of the Pump House, the rock is

well exhibited, being largely cut into for the use of the roads. It is here a highly crystalline

greenstone, composed of hornblende and grey felspar more or less crystallized. The same rock

appears also near the Wells. In the hillocks around Llandrindod church are amygdaloids with

kernels of quartz sometimes coated with anthracite. These and other varieties protrude in almost

countless bosses, the schist or flagstone between them being highly indurated, dislocated, and

always much contorted. The mineral water of Llandrindod issues from black shale near one of

these points of contact. (See the end of the Chapter.) To the west of the springs the dull

features of Llandrindod Common, Llanyre Rhos, and the banks of the Ithon, are relieved by the

rapidly undulating outline, due to the mixed nature of the rocks, the soft shales being excavated

into deep and narrow ravines between these protuberances of trap. Among the latter there is no

one more picturesque than the rock on which stood the ancient fortress of Cefn Llys. Here the

river Ithon, in its course from the north-west, suddenly deflects and follows the edge of the main

ridge of the trap hills in a sinuous channel excavated in the Lower Silurian Rocks, winding round

Cefn Llys, which is thus almost peninsulated. Cefn Llys is composed of a coarse felspar rock,

having a tendency to porphyritic structure, and on one hand passes into a fine granular rock, on

the other to compact hornstone, sometimes very thin-bedded and slaty. On the summit are the

remains of buildings and foundations, &C. 1
; but towards the northern end of the hill the trap as-

sumes the bedded character so frequently observable in other parts of this district. The well-

wooded and deep valley near the little church is singularly beautiful ; where the Ithon emerging

from this volcanized region through a narrow gorge of trap rocks, passes between cliffs of about

forty feet in height, from the sides of which a single plank serves as a bridge over the stream 9
.

The covered nature of most of the depressions in this disturbed tract renders it exceedingly difficult,

if not impossible, to mark the nature of all the rocks beneath the surface. These valleys are for the

most part loaded with thick accumulations of the detritus of the adjoining ridges of trap and altered

deposits, the harder varieties of which form large angular boulders associated with much cold, light

yellow clay, the residue of the decomposed felspar. On the flanks of this district it is not, how-
ever, difficult to nwk with precision that the valleys really consist of a subsoil of black shale, schist

and sandstone, forming the Lower Silurian Rocks, i. e., from the base of the Wenlock formation to

below the Elandeilo flags, including the Caradoc sandstone. The manner in which some of these

deposits are affected by the intrusive ridges of trap has already been pointed out.

1 Cefn Llys is one of the Radnorshire boroughs.

2 This repeated alternation of trap and stratified deposits renders it impracticable to lay down every such

occurrence except upon a map of very large scale.
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Baxter's Bank.

Another small ridge of trap rock, in the neighbourhood of Llandrindod, called Baxter's Bank,

remains to be noticed K It is situated about five miles north-west of Llandrindod, about three

quarters of a mile south-east of Camllo Hill, and two miles and a half from the sequestered valley of

Abbey Cwm-hir. The adjacent country consists of round and featureless hills composed of black

decomposing shale, with concretionary masses and ribs of quartzose conglomerate ; the latter,

however, occur only to the west and north-west, and are part of the upper division of the Cambrian

System before described at Gwastaden and Rhayader. The hill called Baxter's Bank is a narrow

wall of trap, 500 feet high and rather more than half a mile in length. Its course is from north-east

to south-west, and therefore parallel to the ridges of Llandrindod. The rock is partly a coarse-

grained hornblendic greenstone, passing into a fine-grained and more felspathic variety, partly

grey- coloured granular felspar with dark freckles, probably hornblende. The flanks of this wall of

trap present precisely similar altered and dislocated strata to those mentioned in other places. Near

the Carmel chapel, the beds thrown off are thick and hard white veined blue flags, quarried as

building- stones, some of them perhaps deserving the name of volcanic grit. On the north-west

flank near Rhiw-goch, the black shale unfortunately appearing carbonaceous, has again induced

individuals to drive horizontal galleries in search of coal through the highly inclined strata until

stopped by the highly indurated and silicified schist which here, as in other districts, is connected

with igneous rocks. In this case the mistake of the speculators is, if any thing, still more inexcusable

than in the instances previously cited, for this little ridge is traversed by a road at its north-eastern

termination, where the unaltered and the indurated shale near the trap have been long clearly exposed,

and an inspection of the section on the side of the road might have saved the miners the trouble and

expense of underground drifts. About one mile south-south-west of Baxter's Bank, another little

boss of trap is quarried on the north side of the high road from Radnor to Rhayader, near a spot

called Caer-fagii. Here the intrusive rock tilts the black schist to the north-west, which in con-

tact is hardened and silicified. The trap of Caer-fagii is a spotted, granular felspar rock with a

tendency to amygdaloidal structure, and is much discoloured on the exterior by ferruginous stains :

it is traversed by veins of quartz, the whole being in a state of decomposition. It is covered by an

accumulation of sandy detritus, including pebbles derived from the rocks of the adjoining district.

Carneddau and Builth.

In the southern and south-western extremity of this district are the loftiest and most

important masses of intrusive trap rocks. It will now be shown that as many of the

stratified trap rocks of the Llandegley district were evolved from volcanic apertures

during the submarine accumulation of the Lower Silurian Rocks, unbedded volcanic

masses have been intruded subsequently, dismembering and altering all the strata with

which they came in contact. This hilly district, rising to 1600 feet above the sea, is called

1 I was directed to this ridge by my friend the Right Honourable Frankland Lewis, who, in despite of a life

of labour in the public service, has cultivated with spirit the pursuits of natural history, and is well acquainted

with the structure of this county.
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Carneddau. It is rocky and rugged on its flanks, exposing fine precipitous faces under

Carneddau Castle and Bwlch on the north, at Graig dhu on the south-east ; and at its

southern end it advances in hard knotty promontories, sloping down from the heights

of Gaer-fawr and Tan-y-craig to the left bank of the Wye, opposite Builth. The upper

surface of this chief mass of trap is chiefly covered with good pasture, through which

the bosses of the rock occasionally appear, and numerous cairns of stone diversify the

outline. The following are the chief varieties of the Carneddau trap
1

:

1. Greenstone, fine and coarse-grained, the crystals of hornblende being in some instances distinct.

2. Porphyritic greenstone.

3. Felspar rocks, chiefly granular, but passing into

4. Compact felspar, sometimes very hard. This rock frequently forms the summits.

5. Amygdaloids of various characters, passing into greenstones on the one hand and into porphyritic felspar rocks on the

other.

6. Porphyry ; some varieties have pink crystals in a dark base of felspar, others contain hornblende.

These rocks are of grey, blue, and greenish colours, sometimes, when the felspar pre-

dominates, weathering to dirty white, and the amygdaloids often on decomposing become

vesicular. Where the greenstone, containing numerous crystals ofwhite felspar, abounds,

as in the bosses between Gaerfawr and Builth, the rocks are very much rounded off,

precisely as in the coarse-grained granites of Devonshire and Cornwall 4
.

Although I said that the Carneddau Hills are almost entirely composed of trap rocks,

yet they throw off upon their sides, and occasionally carry up to considerable heights,

dismembered and altered portions of the sandstone, schist, or flag (Caradoc Sandstone,

Llandeilo flags). Such examples may be seen near the farm of New House at the

height of several hundred feet above the Wye. On the south-western face of the

mountain, near the spot called Tan-y-craig, there are extensive quarries, from which

Builth has chiefly been constructed. These quarries expose the true nature of this

building-stone, which is a variety of bluish grey, volcanic grit. Beneath this lies por-

phyritic greenstone, bulging out in large spheroidal protuberances.

The hard volcanic grit wraps round the swelling concretionary masses of this trap,

and near the junction it is almost impracticable to separate the grit from the green-

stone. (See parallel examples in the Corndon and Shelve country, p. 269 et seq.) The

refuse or top beds of these quarries, however, leave no such doubt, as they are unequi-

vocal Caradoc sandstone, containing several casts of fossils, such as Orthis Actonice,

0. radians, fyc, though most of them are too imperfect for identification. These beds

also fold round protuberances of trap and dip west and south-west.

1 The sketch facing the first page of this chapter, will convey some notion of the outline of the south-

eastern corner of this hilly tract. It is taken from the valley of the Wye, about a mile and a half east of

Builth. The distant rocks are those of Gaer-fawr and Craig-dhu.

2 One of the amygdaloids has long been used as a fire stone by the blacksmiths of Builth, another proof, in

addition to that of the rock quarried at the Buries near Llandrindod, that felspar which has lost its alkali will

resist the amount of heat employed in ovens or ordinary forges.
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To the west of these quarries of Tan-y-craig several low ridges (about half the elevation of Car-

neddau) range in parallel lines from north-east to south-west, some of them terminating in low and

narrow bands in the bed of the Wye, others being prolonged about half a mile beyond that river

into the knolls of the Park Wells of Builth. These ridges on the north-east contribute to the beauty

of the grounds of Pen cerrig and Wellfield. As they are eminently instructive in explaining the

intrusive nature of the trap, and present the most unanswerable evidence of that rock having been

in fusion when inserted amid the beds of flag and schist, I propose to give a rather full account of

this locality, concluding with an account of the probable cause of the mineralization of the springs

of the park.

On the sides of the new approach to the house of Pen cerrig the shale is in its usual rotten,

shivery condition, containing fragments of trilobites, but is dislocated on approaching the little knoll

of greenstone, and within a few yards of it, losing its laminated structure, is converted into a hard,

veined, flinty flagstone of light green and black colours, thus :

59,

a. Trilobite Shale. c. Altered Shale. b. Trap.

In the quarries of coarse flagstone and wallstone, west of the house of Wellfield, are also evidences

of induration and dislocation. Here the trilobite shale, containing some of the largest and finest

specimens of Asaphus Buchii, is thrown off at an angle of 40° to the west : the stone although slaty

on the great scale, breaks into irregular rhombs, and the finely laminated structure is again oblite-

rated. In this case no junction with the trap rock is visible, although we know from the proximity

of the summit of the little wooded trap hill which rises up behind this quarry that the intrusive rock

is very near at hand 1
.

On following these several bands of trap and dislocated Silurian strata as they descend to the

south-west, their connection is still more clearly explained. First in some ravines (particularly at

Gwern-y-fad), on the sides of which the altered and hardened flags are thrown up into nearly vertical

strata between protuberances of trap, and secondly in the bed and on both banks of the Wye. From

the west of the hamlet of Gwern-y-fad to the spot called Pen-ddol, the Wye for upwards of half a

mile, lays bare a most illustrative transverse section, which is, however, only well seen when the

river is low, and then we meet with the following succession in proceeding from west to east.

1. For some distance west of the gorge, black schists containing spheroidal concretions, with orthocera, graptolites, &c,

are thrown off dipping to the west. These beds reminded me of the lowest Wenlock shale. 2. Grey calcareous grit which

passes into a coarse rock inclosing fragments of schist, which is much altered, acquiring a conchoidal fracture near the

trap, dip 35° north-west. It contains kernels of calcareous spar, and its characteristic fossil is Pentamerus ollongus. This

band must therefore be classed with the Caradoc sandstone. It dips beneath the shale before described. 3. Irregular bosses

of coarse and fine-grained greenstone with a little lime disseminated, thus passing into a finer grained crystalline rock with

many veins of white calc spar and crystals of iron pyrites. This trap rises on the right bank of the river and extends to

the south-west, constituting the hillocks near the Pump House. 4. In contact with this trap is an altered black flagstone,

highly charged with crystals of pyrites, sometimes in geodes. 5. Greenstone, with many veins of carbonate of lime, is

i Some of the finest specimens of Asaphus Buchii occur in these quarries. The Trinucleus fimbriatus and the

new species PL 25. were found in the highly inclined flagstones of Gwern-y-fad. Notwithstanding the mention

of these fossils, the student must not look for any proofs of the order of succession in this disturbed tract.
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repeated in jagged forms, and followed on its flank by (6) a porcelain rock of light colour with many vertical joints which
resemble true bedding, but the lamina? of deposit are rarely observable in tbis altered rock, and when detected they dip

north-west at a high angle. This porcelanite is divided into prisms by two sets of highly inclined parallel joints. In one

part the beds are twisted round at right angles to the principal strike. 7. Irregular masses, composed of compact felspar,

sometimes concretionary, again appear, throwing off indurated and dislocated strata. 8. Light grey calcareous flagstone,

slightly indurated in the central beds or those furthest from the trap. 9. Coarse greenstone, resembling syenite, here pro-

trudes in different parts of the bed of the river, and the flag in contact is a lightish blue hornstone irregularly folded over

or caught up in the trap. 10. Black flag, slightly calcareous and micaceous, strike south-west and north-east and quite un-

altered in the middle. 11. As the strata approach the next boss of trap they become harder, change to a dead dull black,

the mica disappears, and large crystals of iron pyrites are abundant; the rock at length acquires a great compactness and
specific gravity, yet effervesces briskly with acids, and finally the alteration is still more complete, for the strata are caught

up, rolled over, broken, and squeezed in discordant directions, the strike of the indurated and heavy strata being north and
south. 12. The greenstone which has caused all this change is projected across the stream in a strong, gnarled, irregular

ledge, through which the water has excavated two channels, leaving an island in the centre. The irregular insertion of

the trap into the flags can best be comprehended by this ground plan of the two rocks in a part of the bed of the stream.

IT

60.

Some of this greenstone contains carbonate of lime disseminated, and in parts entangles and carries up upon its surface

isolated fragments of the calcareous flag, highly indurated, and containing much crystallized iron pyrites with little flakes

of anthracite and black calcareous spar.

13. Again the phenomena of alteration disappear in descending the stream, and thirty or forty paces from the intrusive

rock the shale is fissile, slightly micaceous, and incoherent, but on coming near another zone of trap which rises into the

plantation hillocks on the right bank, the beds first become as thick as tiles (14), and finally, in contact with the greenstone,

are united in a heavy, thick-bedded, dull mass, which splits with a conchoidal fracture. ]5. The trap rock at this spot is

a greyish concretionary greenstone with much iron pyrites and carbonate of lime.

There are two or three other wedges of trap between this projecting rock and the hoiise of Pen ddol, on the sides of

which the same appearances prevail, and subsequently the black shale of the district disappears, under the alluvia of the

valley of the Wye.

The relations of these alternating bosses of trap and bands of schist demonstrate that

the trap rock when in a state of fusion was forced into the beds of schist, altering and
dislocating them in the manner above described

1

.

1 Dr. Gilby gave a short account of the "trap and clay slate formation" of this district (1820) in the Edin-

burgh Philosophical Journal. It contains many good observations, and particularly in reference to the gorge

of the Wye above described. " It is curious," he says, " that the slate, or rather the flinty rock at its actual

junction with the trap is not stratified, the stratification being only manifest when a little removed from the

greenstone. The dip of the slate is everything that is perplexing ; sometimes it appears to dip under the

ledge In other places the slate seems shattered and turned about in every direction, and several times

I observed large patches of the indurated schist completely contained in the greenstone." Edin. Phil. Journ.

vol. ii. p. 256 and 257. Is it not remarkable that, with such evidence as this, the author could not quite abandon
his Wernerian principles ? The section which I have given may seem to differ in a few details from that of

Dr. Gilby, but I attribute the discrepancy to my having united observations, made on both banks of the river.

2 T
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These interesting phenomena do not, however, cease with this transverse section, for

we can follow the same masses on their strike to the south-west, through the low hum-
mocks on the left bank of the Wye till they disappear at the Park Wells, where they

clearly explain the means by which those powerful mineral waters are formed in the

laboratory of nature.

Park Wells.—The trap of this district appears for the last time on the south-west in

a low knoll north-west of the Pump House. It is a coarse greenstone containing many
crystals of iron pyrites. The Pump House stands upon this rock, but the mineral

water rises from the adjoining schist, which is thrown up into vertical strata striking

north-east and south-west, is highly charged with crystals of iron pyrites, and has in

parts, veins of quartz crystals and calc spar. The natural decomposition of the pyrites

which must be constantly going on by the percolation of water along the planes of these

vertical beds, sufficiently accounts for the origin of these strong sulphureous waters, a

natural process which has been already sufficiently explained in the account of the origin

of the Cheltenham waters. (See p. 34 et seq.)

Within a very few paces of the highly sulphated spring there is another source in

which no sulphur exists, but in which slight chalybeate properties are alone distin-

guishable.

The position of the rocks readily explains this fact.

Builth Wells. 61.

a. Trap. b. Altered flags. c. Unaltered flags,

b*. Strong saline, issuing from the altered flags,

c*. Slightly saline water issuing from the schist.

The sulphated spring issues from those highly pyritized and altered flagstones in

immediate contact with the trap, and from the vertical position of the strata and their

hard nature it is quite manifest that such as the spring has been from the moment at

which it issued to the atmosphere, so it must run on unchanged as long as pyritous

matter remains in sufficient abundance to impregnate it ; for the column of sulphurous

water rises to the surface in a natural conduit (6), which has been rendered impervious

upon its sides by the induration of the mineralized strata.

At a few paces further from the trap are other strata (c) less altered, containing much

less pyrites, and the water rising through these is very slightly saline. In the trans-

verse section of these same beds in the Wye we have shown how frequently and

rapidly the mineral characters of the strata change in passing over their vertical edges,

and consequently there can be no difficulty in imagining, how very different may be the

contents of springs which issue within a few feet of each other.

I use the term pyritized in reference to these altered rocks in contact with the trap

which contain numerous and large crystals of iron pyrites (sometimes also in flattened

nodules of one and one and a half inch in diameter) , because it appears to me that the
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accumulation of the mineral in these particular points is due to the same agency by

which the strata were dislocated and altered. Sulphuret of iron is, doubtless, generally

diffused through almost every formation ; but in this region I never observed it in cry-

stalline bunches, except at the junction of the trap with the altered rocks.

If, therefore, it has been inferred that the mineral veins of the district of Shelve in

Shropshire resulted from volcanic action, so is it inferred that the numerous mineral

sources which issue from the flanks and extremities of this disturbed tract, at Llan-

degley, Blaen Eddw, Llandrindod and Builth, are due to a similar cause.

The great diversity of composition of the waters which issue from contiguous springs

at Llandrindod, is to be accounted for in the same way as at the Park Wells near

Builth. These shades of difference, however unimportant to the geologist, who simply

endeavours to expound the mode of action by which they have been evolved, are points

of high interest to the chemist and of great value to mankind, some of the least per-

ceptible of these ingredients being of great importance in their effects upon the human

body. With the permission of my friend Dr. Daubeny, I therefore annex in the Ap-

pendix his able analyses of the waters of Llandrindod, Builth, and Llandegley 1

.

1 Dr. Daubeny recently undertook this examination with the view of ascertaining whether all these mineral

sources which issue from strata known to have formed beneath the sea did not contain iodine and bromine,

which modern French chemistry has shown to be of marine origin. These labours have confirmed expectations

founded upon just philosophical principles, and have by mineral tests completed to a great extent, the proofs of

the submarine formation of those strata in which the research of geologists has pointed out the remains of so

many marine animals. To render, however, this argument quite valid, all strata inclosing marine shells ought

to contain iodine, bromine, and muriate of soda.

i
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View near Llanwrtyd Wells, from a drawing ly Mrs. Traherne.

CHAPTER XXVII.

SILURIAN ROCKS OF BRECKNOCKSHIRE.

Silurian Rocks in Brecknockshire, including the anticlinal Ridge of Brecon.— Trap

and altered Rocks and Mineral Waters of Llanwrtyd. (PI. 31. figs. 1, 6,

7, 8 and 9.)

ON consulting the Map it will be seen that Upper Silurian Rocks undulate along both

banks of the Wye between Builth and Erwood. They are usually in discordant positions

on the opposite banks of this river, which thus runs in a fissure transverse to the line

of elevation, and similar to those fractures before alluded to, in which the rivers Severn,

Onny, Teme, and Lugg, have their course
1

; for like them, this fissure of the Wye pro-

ceeds from north-west to south-east and at right angles to the strike of the strata.

Among the numerous dislocations by which the form of the valley was predetermined,

none are more instructive than those near the boundary between the Old Red Sand-

stone and the Silurian System. Ludlow Rocks with their distinguishing fossils mount

up into the hills of Upper Llangoed and dip to the south-east under the Old Red

Sandstone, whilst at Llanstephan, on the Radnorshire bank, similar beds are thrown

» pp. 230 to 240.
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to the north-east beneath the same red sandstone. At Erwood, not a mile from the

eastern boundary, the bed of the Wye exhibits great confusion, a narrow wedge of red

sandstone being there dovetailed between masses of Ludlow rock. That this patch of

sandstone does not belong to the Silurian System is clearly explained by ascending the

hills to the south-west, where a promontory of Ludlow Rocks is found, constituting a

distinct prolongation of the Silurian frontier. The Silurian strata, in fact, dip both to

the north-west and south-east, constituting a marked anticlinal ridge, which throws off

the Old Red Sandstone on each flank ; and hence the narrow tongue of that rock at

Erwood is simply one end of the wide area of Old Red Sandstone which occupies the

wilds of Mynidd Epynt. (See Map.)

Brecon anticlinal.—The Ludlow rocks form the above promontory amid the Old Red

Sandstone, extend in highly disrupted masses from Erwood, on the Wye, to Corn-

y-fan, six miles north-west of Brecon, where they terminate in a narrow point after

a course of about ten miles. This remarkable ridge offers, perhaps, the best type of

the Ludlow formation to the south of the Wye. It does not consist of one continuous

range, as I was at first disposed to think, but of large masses which are often dis-

jointed, trending in slightly divergent directions, and sometimes completely separated

by great transverse intervals occupied by Old Red Sandstone. (See map.) These

elevated rocks constitute the mountainous hills or wild moorlands of the Graig, Llan

eglwys, Ysgwidd-hwch, and Castel-madoc, including Gaer-fawr and Altt-fawr, Castel

rhiwan-nest, Mynidd-bach and Corn-y-fan, and rising to heights varying from 1200

to 1500 feet above the sea, are prominently distinguished by their grey surfaces from

the red lands through which they emerge. The mean strike of the strata is from 30°

north of east to 30° south of west, though there are considerable deviations from

this direction in the different masses. Thus, in the hills near Crickadarn and the Wye,
the strike is nearly north-east and south-west. In Mynidd-bach and Corn-y-fan, the

south-western extremity, it is E.N.E. and W.S.W. ; whilst in several of the smaller

intervening masses it is east and west. These differences in direction are the evidences

of powerful transverse dislocations along this anticlinal line, and afford the most con-

vincing proofs that the strata so affected have been forced up with intense violence.

The picturesque and rocky point of Corn-y-fan, where the Ludlow rocks finally

subside, is a striking example of the truth of this remark. That rock presents on

one face an inclined plane dipping to the north-east at 33°, but in a few yards, or

its extreme point, the inclination changes to the south-west, in both cases the strata

of the Ludlow formation passing conformably beneath the Old Red Sandstone ; whilst

on the south-eastern face is a broken escarpment, probably due to the narrow form

and sharp inclination of the elevated mass, for in the bed of the adjacent brook, which

is parallel to it, and near the farm of Neuadd, the Old Red Sandstone is thrown off to

the S.S.E. at the very high angle of 80°. (See PI. 33. f. 9.) As they approach the

western extremity, the elevated masses of Upper Silurian rocks are most affected
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by the transverse breaks before alluded to, three of which are parallel, occupied

by the streams Yscir-fechan, Yscir-fawr, and Honddhw, tributaries of the Usk.

Wherever the Silurian strata compose a distinct anticlinal ridge, as at Mynidd-bach,

near Corn-y-fan, PI. 33. f. 8., they are symmetrically arranged on each side of the axis,

—the Upper Ludlow rocks graduating on both flanks into the Old Red Sandstone,

through fissile, yellowish sandstones, which represent the beds of Downton Castle, p. 197.

Similar strata of Upper Ludlow Rock occur in the dome-shaped hill of Castell Rhiwan-

nest, though their passage upwards is well seen only on its north-western slopes, the

Old Red Sandstone on its western face being rendered unconformable by a powerful

fault.

The hills of Castel Madoc on the left bank of the Honddhu present a fine develop-

ment of the Upper Silurian Rocks, expanded over a width of about two and a half miles.

On first viewing the outline of these rocks, the geologist would imagine that the lower

and dome-shaped masses in the centre must necessarily be composed of underlying

strata, like the centre of the Ludlow promontory (PI. 31. f. 5.), or still more like the

Valley of Woolhope near Hereford, hereafter to be described (PI. 36. figs. 9 and 10.),

where the central dome consists of Caradoc sandstone. But, on examination, we dis-

cover two parallel lines of elevation, by which strata of the same age are repeated in

separate anticlinal forms on both sides of a central depression, dipping inwards as well

as outwards, and thus rendering the low inner domes*, portions of the youngest, and not

of the oldest strata as at Ludlow and Woolhope. (See PI. 31. f. 6. and this wood-cut.)

Allt-fawr. 63.

a. Lower Ludlow Rock. b. Middle Ludlow Rock, including a calcareous band with Terebratula Navicula.

c. Upper Ludlow Rock. d. Old Red Sandstone.

As these undulations are at some points rapid, the strata being disposed at high

angles so as to meet in sharp ridges and at others form domes, and as on the outer

flanks the beds pass beneath the Old Red Sandstone at gentle angles, we have abundant

facilities for determining the complete succession of the strata. The external faces of

the outer ridges are composed of the true Upper Ludlow Rock, and contain its cha-

racteristic fossils, including Leptama lata, Cypricardia amygdalina, with Orthocerata, &c.

These Upper Ludlow Rocks, which are of considerable thickness, pass upwards into

ordinary marls and tilestones of the Old Red System. They are underlaid (particularly

along the crests of the sharp ridge of Allt-fawr) by a thin band of impure limestone,

made up almost exclusively of the small Terebratula navicula, which forms so constantly

the roof of the limestone of Aymestry. This small shell is, therefore, a most valuable

guide in marking the place of this subdivision or central part of the formation, even where
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the great mass of calcareous matter and some of the characteristic shells, as Pentamerus

Knightii, have disappeared. Again, beneath these calcareous beds, are fissile and flaglike

strata, perfectly resembling those Lower Ludlow Rocks which form the base of the

mountains of Radnor Forest. In short, nearly all the well-known types of the forma-

tion may be here detected, the only essential differences being a less proportion of cal-

careous matter, and the superior hardness, as well as more slaty structure of the stone.

Let those who doubt of the practicability of drawing a well-defined boundary line,

between the Silurian and Old Red Systems, place themselves upon this narrow ridge of

grey coloured rocks, and contrasting their colour and external features with the surround-

ing expanse of red lands, they will, at once, admit that no two formations can be more

neatly separated. (See PI. 33. f. 6.) This observation is indeed of general application

and admits of no modification, for it may truly be said that the physical demarcation is

clear in all districts where the surface is free from drifted materials
1

.

The Brecon anticlinal exhibits in its sharply inclined, undulating, and dislocated

ridges, many beautiful examples of symmetrical joints, the direction of which changes

(as in the Ludlow promontory) with every variation in the strike of the strata. As the

rock is here well exposed and more compact than usual, there is perhaps no situation

where symmetrical jointed structure can be better studied or more clearly distinguished

from those cracks and fissures which have resulted from disturbance. On this point,

however, I must refer the reader to Chapter 20, in which he will find a general expla-

nation of my views ; some apposite remarks are also thrown out in various other places,

particularly in the ensuing chapter, in describing Noeth-griig, Caermarthenshire ; while

those who wish to go into the details must consult the Appendix 2
.

The great dislocations, however, which occur throughout this promontory form its

chief attraction, since the magnitude of the cross fractures which have dissevered it

into a number of separate masses, prove that the upheaving force must have operated

with intense violence.

1 For an account of the drifted materials superficially strewed over parts of this region the reader is referred

to the concluding chapters ; but I cannot avoid remarking that the phenomena which I have found to prevail

in all elevated tracts are here most strikingly displayed. Not a single boulder is to be found amid the dome-

shaped or sharp ridged hills of this axis of elevation, though there are within their range numerous hollows and

deep cavities ready formed for the reception of such drift, whilst broken materials, derived from these very hills,

are piled up, sometimes in enormous masses, on the exterior slopes of the elevated chain. See many of the

hills between Lower Chapel and Brecon, &c.

9 Anxious to examine this ridge with one who has thrown so much light on jointed structure, I was delighted

when Professor Phillips resolved to look at this anticlinal on his way from Bristol to North Wales (1836), and

I met him at Brecon. The portion we examined together, lies to the west of the river Honddhu. I owe much to

my friend's suggestions on that occasion, and had great reason to admire the precision with which he observed

the phenomena. I have only to regret that he had not leisure to examine the north-eastern range of the pro-

montory, extending from Castel Madoc to the Wye, where the best and most symmetrical joints are developed.

Geologists look forward with anxiety to the enlarged publication of his views on this difficult subject, knowing

that their conclusions must be regulated by a multitude of correct observations.
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By inspecting the map it will be seen that this dislocated spur of elevation is pre-

cisely coincident with the axis of the Ludlow promontory, the point of which is forty-one

miles distant from Com-y-fan, while at Old Radnor, midway between these extreme

points of the line of elevation, is a ridge of volcanic rock, the eruption of which enables

us satisfactorily to account for the remarkable phenomena above described, and to con-

nect them with those detailed in the nineteenth and twenty-fifth chapters.

Returning to the gorges of the Wye, whence we traced the anticlinal, the Ludlow

rocks on the right bank of that river exhibit partial dislocations, frequently diverted

from their true bearing, though at low angles of inclination ; but quitting that valley,

and following them as they fold round the Old Red Sandstone of the Mynidd Epynt,

we first find the strata inclined to the S.S.W. in the hills of Gwendwr and Pant-y-llyn.

They thence bend round by Pant-y-garreg and Cwm-nant-gwyn, until they regain

the prevailing north-east and south-westerly strike, and dip below the Old Red Sand-

stone. From the hill of Moel-fre, near Builth, they begin to strike persistently to the

south-west, and constitute that extraordinarily straight escarpment, the north-western

boundary of the wilds of Mynidd Epynt and Mynidd Bwlch-y-groes, which is prolonged

into Caermarthenshire. In all this range the Upper Ludlow Rock is clearly defined, by

its gray colour and characteristic fossils, and it is overlaid conformably at many points

by the old red tilestones. There are, however, few places where the mineral character

or fossil contents of the underlying strata enable us to separate them into sub-formations

with the same distinctness as in parts of the Brecon anticlinal.

Of the many transverse sections which may be made from the junction of these strata with the

Old Red Sandstone of the Mynidd Epynt to the base of the Upper Silurian Rocks, I will cite only

two cases
;

first, that on the sides of the high road from Brecon to Builth in descending from

Llang-y-nog into the valley of the Wye through the Cwm-nant-gwyn; and secondly, that in the

Cwm-craig-dhu, exposed in the new road from Brecon to the valley of Yrfon, because they can be

well seen by the traveller. In the first, the following strata occur in descending order

:

Hard, indigo grey, slightly calcareous and micaceous flagstone of good quality, containing orthocera and other organic

remains of the Upper Ludlow Rock.

Sandy beds, of dirty green colours, finely laminated.

Bluish grey, slightly calcareous rock, surface on weathering friable and porous, with ferruginous casts of fossils, including

Calyrnene BlumenbacTiii, Serpuloides longissima, Orthocera, Avicula reticulata, Pleurotamaria, and Turbo corallii, the coral

investing these two shells being of the same species as at Ludlow, distant between forty and fifty miles.

Thicker bedded, indigo grey, hard stone, with flattened orthocera, some apparently of the pear-shaped species, 0, piri-

formis.

Beds with the Terebratula navicula, marking the place of the Aymestry limestone as in the Brecon anticlinal.

The above subdivision is exposed in successive layers about 500 feet thick, and represents the Upper and Middle Ludlow

Rocks. The beds dip 16° to 18° south-east. They are underlaid by shale disposed in large concretionary masses, and from

beneath these rise other beds of strong flags, somewhat calcareous and of bluish grey colours, which mount into the hill of

Rhiw-frenin, and contain many flattened orthocera and other fossils of the Lower Ludlow Rock. The latter beds occupy

a considerable thickness in the escarpment of Rhiw-frenin, and at the bridge they are underlaid by stratified masses of

shale and schist, occasionally putting on a very imperfect slaty cleavage, and weathering into numberless small angular
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shivery fragments. In their prolongation to the north-east, at the Hennalt and New Hall, these beds are quarried for tiles

and coarse slates. They are again underlaid by other masses of dull grey, non-micaceous perishable shale, which has a

tendency to spheroidal or large concretionary structure, and these range over the undulating grounds south-east of Builth.

This lower portion of the Upper Silurian Rocks dips at a less angle than the higher, seldom exceeding 8° or 10° to the

S.S.E.

The transverse section of Cwm-craig- dhu, descending from the Mynidd Epynt to the banks of

the Yrfon, is in some respects better than that of Cwm-nant-gwyn. The bottom beds of the Old

Red Sandstone, consisting of red and green marls with micaceous flags (tile stones), and dipping

30° to the south-east, pass downwards into the intermediate grey rock, the " Downton Castle

building stone," Beneath is a full succession of the Upper Ludlow strata, charged with abun-

dant casts of fossils, overlying, indigo-coloured calcareous flagstones, like those of Rhiw frenin.

These are similarly underlaid by sandy shale and schist, weathering into rotten and fissile fragments,

containing the Cardiola of the Lower Ludlow Rock, with some beds of harder flagstone, slightly

micaceous and calcareous. The inclination of the lower beds gradually increases from 40° to 60°,

and they repose upon black shale of great thickness, weathering to small shivery fragments (rotch),

but no clear section is obtained till the banks of the Yrfon are reached, when the shale is highly

inclined, vertical, and dislocated. (See PI. 33. f. 6.)

Few of these lower beds have sufficient cohesiveness to afford building materials, but in the bed

of the Yrfon, between Tafarn-y-pridd and Llangammarch, the schists contain a few concretionary

courses of dark grey calcareous flags, with thin beds of conglomerate.

cc Lower Silurian Rocks."

The underlying or Lower Silurian Rocks are ill developed in Brecknockshire, for as

soon as the protruded mass of trap rocks described in the last chapter, disappear near

Builth, these older strata are no longer seen rising from beneath the cover of Upper
Silurian Rocks. A few beds of Caradoc sandstone accompany, it is true, the black

Llandeilo flag upon the "Wye, and occupy the low hillocks between its right bank and
the Park Wells, the relations of which have been pointed out in the last chapter.

With this exception, all the district between the escarpment of the Upper Silurian

Rocks and the boundary line of the slaty rocks of the Cambrian System, is occupied

by undulating hills of perishable schist and shale, with very rarely a course of sand-

stone and grit. The latter, however, occur in the hill of Garth, forming strong-bedded

quartzose conglomerate, grit, and sandstone in nearly vertical strata, extending for

about two miles to the N.N.E. ; and again, at Dol-aeron, are beds of bluish grey, flag-

like building-stone, dipping north-east 20°. In these quartzose rocks I could detect

no fossils. They may, indeed, belong to the Lower Silurian division, but from their

mineral characters I should be disposed to place them in the Cambrian System. The
subsoil of all the sterile tract watered by the Chwefrw, the Cammarch, the Dulas, and
the Cwm-dwr (tributaries of the Yrfon and Wye), consists of rotten shale with scarcely

the vestige of a solid bed of stone ; so that this part of Brecknockshire offers a strong

2 u
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analogy to the north-western uplands of Radnorshire, where it has been shown there

are no traces of the Carad'oc sandstone and Llandeilo nags.

" Cambrian Rocks."

The Upper Cambrian or slaty greywacke group in Brecknockshire is simply a pro-

longation of those rocks which have been described as advancing in Radnorshire to the

left bank of the Wye, in the hills of Dolevan, Rhiw-graid, and Gwastaden. Their

south-eastern frontier runs along the hills of Pen cefn-ty-mawr and Alt-y-clych, their

summits being marked by quartzose conglomerates like those of Dolevan. As they

trend to the south-west, the quartzose grits thin out, but reappear in the high hills of

Pentwyn and Esgair-davydd, south-west of Llanwrtyd, whence they are prolonged at

intervals into Caermarthenshire. These quartzose grits are subordinate to a thick

assemblage of coarse and imperfectly formed slates, which are displayed on the sides

of the transverse and parallel gorges by which the streams of the Chwefru, the Dulas,

the Cammarch, the Cnyffiad, and the Yrfon flow from the higher and western regions

of Brecknockshire. A slaty cleavage, the planes of which dip at high angles to

the north-west, is, for the most part, distinctly impressed upon these old rocks, and

further to the north-west they graduate into true roofing slates. Though organic

remains are very rare, I have discovered imperfect casts of them in the grits near

Llanwrtyd.

An important feature in the arrangement of the rock masses of this country is, that

the Cambrian System and older slates are thrown over with an inclination to the north-

west, and sometimes at high angles. This phenomenon of the older or Cambrian rocks

being found in a position discordant to those of the Silurian System, has been before

alluded to, p. 309, and is observable along the line of junction in the counties of Salop,

Montgomery, Radnor, and Brecon. It is, indeed, precisely what must have resulted

from those elevations by which the Lower Silurian Rocks have been developed in an-

ticlinal ridges, and have thus thrown off on both sides the Upper Silurian Rocks, which

on one flank, are thus necessarily brought into abrupt contact with the strata of the

older system. In Caermarthenshire and Pembrokeshire, however, we find, that where

other parallel lines of elevation affecting the Lower Silurian Rocks have taken place

near the frontier of the Cambrian rocks, there are, as in the example of the Berwyns,

p. 308, indisputable evidences of a passage from the one system into the other; and

hence the great break between the Silurian and Cambrian Systems, marked in many

previous sections like that between the New Red and Carboniferous Systems, is to

be only classed among limited phenomena. (See also remarks on the passage from the

New Red into the Coal Measures, pp. 54, et seq.)
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Porphyry intruded in the schist near Llanwrtyd, from a sketch by Mrs. Traherne.

(P. Porphyry.) (A S. Altered schist.)

Trap and Altered Rocks in Brecknockshire.

With the exception of the small knolls near Builth already described, no observer

had previously noticed any mass of trap rock in Brecknockshire. Having heard of the

mineral waters of Llanwrtyd, I conceived that as similar springs in Radnorshire and at

Builth uniformly issued from altered strata in contact with trap rocks, the same phe-

nomenon might be repeated near this spa ; and on visiting it, the inference proved

correct. I found a line of intrusive rock, about three miles in length and half a mile

in its greatest width, running, like the trap ridges of Radnorshire, from north-east to

south-west. A narrow and deep dell, through which flows the rivulet Cerdin, divides

this elliptical-shaped ridge into two mountains, Caer-cwm and Garn-dwad, each about

1600 feet in height. At the north-eastern extremity of Caer-cwm, trap is seen, for

the last time, on the banks of the little stream Nant-einon, alternating in thin courses

with slaty schists ; whilst at the south-western end of Garn-dwad the trap crosses the

Ithon between Llanwrtyd and the mineral spring, near a boss of rock called Gwern-

goch, upon the right bank of that river, and near the farm-house of Dol-y-dymmor.

In this ridge of Garn-dwad and Caer-cwm the predominant character of the trap is

porphyritic, and the following varieties occur :

1. A rock, having a base of greenish grey colovir, composed apparently of an intimate mixture of compact felspar and

hornblende, spotted white, probably by a separation of felspar from the compound base.

2. Coarse rock of granular felspar, with minute crystals of common felspar, containing a number of minute grains of

quartz.

3. A variety of the same, containing many well-defined crystals of felspar in a greyish granular base, and a few small

elliptical cells filled with green earth.

2 u 2
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4. Dark grey and green, concretionary, Compact felspar.

5. Greenstone; highly crystalline, hoth fine and coarse-grained, and sometimes very hornblendic.

6. Greystone, or grey granular felspar, intimately mixed with hornblende and a few crystals of carbonate of lime)

7. Amygdaloidal trap, cellular on the weathered surfaces

The greenstones are best segn near Pen-y-banc, and the more porphyritic ^~ks occupy

the centre of the hill. Associated with a porphyritic greenstone, in the bed of the

Yrfon at Dol-y-dymmor, is a greenish grey, close-grained amygdaloid, having the cells

filled with calcareous spar, generally coated with pellicles of green earth, and varying

in size from mustard-seeds to almonds. In some cases the stratified rocks in contact

appear to have undergone a kind of "boursoufflure," and are scarcely to be distinguished

from the amygdaloid. On the sides of the principal ridge of trap, the changes produced

in the vertical and dislocated strata are numerous and clear. On its lower flanks and

south-western extremity near Pen-y-banc, the trap is coated with a thin and broken

covering of schist, which is silicified or in the state of hornstone, highly translucent at

the edges, of a scaly fracture and dark grey colour with cloudy streaks, as if formed

by an imperfect separation of hornblende. Other varieties are black Lydian stones,

ringing under the hammer, and splitting with a fine conchoidal fracture ; some of them

containing a number of bright metallic spots, probably oxide of iron. The upper parts

and summits of these hills exhibit numberless rugged and irregular bosses of trap,

sometimes carrying up fragments of altered or indurated schist, which occasionally

contains crystals of carbonate of lime irregularly disseminated, giving to the rock a

pseudo-porphyritic structure. (Sides of Caer-cwm.) The flanks of the hills, where

partially eroded, offer beautiful examples of contorted, broken, and altered schists, par-

ticularly near the little transverse valley of the Cerdin, and about half a mile north-east

of the farm of Pen-y-banc. Mrs. Traherne (being on a visit to the baths in 1833) has

kindly enabled me to present the reader with a perfect view of the relations of the trap

to the broken strata. (See p. 343.) Irregular knobs of trap penetrate the schist, which

is dislocated, shattered, and bent. Much iron pyrites occurs near the point of contact

;

the shale is indurated and exhibits polished surfaces with some quartz and traces of

plumbago (carburet of iron). A little further down the side of this abrupt ravine, the

schists weather to a whitish colour, in the same manner as some of the killas of

Cornwall. On the other side of the gulley, and removed from the ridge of trap, the

slaty schists are no longer contorted or broken, but rise with perfect regularity, having

a slaty cleavage, the planes of which dip north-west 65° to 70°. (See the previous

wood-cut.) In the little comb of Nant-yr-odyn, north of the gorge of the Cerdin,

the black and highly inclined shale has been penetrated by galleries in search of coal

;

the mania for this speculation, to which I have already so much alluded, appearing to

strengthen in proportion to the impossibility of success ; these stratified, slaty deposits

being unquestionably a part of the Cambrian System, for to the west of this ridge they

pass into true roofing slates.
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"Whilst the porphyritic trap occasionally peeps out in rugged bosses along the sum-

mits and sides of the hills of Caer-cwm and Garn-dwad, the little transverse dell of the

Cerdin lays bare the true nature of this nucleus in a rock called Craig castell, which

towers above the left bank of the stream. This precipitous cliff is a porphyry, the

exterior of which is black, but the interior is grey compact felspar, with minute white

crystals of common felspar. It is arranged in slender four-sided prisms, from 25 to 30

feet in length by 5 or 6 inches in diameter, and crossed by transverse joints, the planes

of which dip to the north-west. The large and broken masses below are partly of the

same rock, partly of other varieties. This is one of the most impenetrable rocks met

with in the whole of the country I examined, being very analogous both in compo-

sition and relations to some of the porphyries of Snowdon, Cader-Idris, &c, and like

them its forms arise from joints, separating the mass into four-sided prisms. As

the trap of the mountain of Caer-cwm tapers away to the north-east and finally ceases

near Blaen-einon, so that of Garn-dwad thins off to the small protuberances and

bands which traverse the Ithon at Llanwrtyd. The bed of this river offers many

beautiful examples of highly silicified and indurated strata in contact with trap, strictly

according with those described on the banks of the Wye near Builth. The analogy

is also rendered quite striking by sulphureous mineral waters issuing from the ad-

joining shale; and, judging from the appearance of the veined and altered strata

which are exposed on the sides of these trap hills, we can hardly doubt that the mine-

ralization of this spring is due to the decomposition of sulphuret of iron, which has

been largely accumulated at some of those points where the trap has been intruded into

pyritous shale, in the manner similar to that pointed out at the Park Wells near Builth,

and at Llandrindod. These waters of Llanwrtyd have not hitherto been completely

analysed, but it is sufficient for my present purpose to state that they are sulphureous

and slightly saline.

Lead ores occur in the chain of slate hills on the west, and veins of copper have

latterly been discovered. These veins lie far within the Cambrian frontier. With

respect to the precise age of the altered strata of the Llanwrtyd hills it is difficult to

speak with confidence, since very slight traces of organic remains have been hitherto

observed ;
yet, judging from analogy and the range of the associated rocks, I believe

they may be placed in the upper division of the Cambrian System. (See next chapter

for an account of these rocks in Caermarthenshire.)

I cannot more effectively convey to my readers a clear notion of the arrangement

and succession of the strata in Brecknockshire and the adjacent counties of Radnor

and Caermarthen, than by annexing a semi-panoramic view, taken by Mrs. Traherne,

from the mountain of Esgair davydd, south-west of Llanwrtyd. The spectator is placed

on the old slaty rocks of the Cambrian System, and looking E.N.E. and S.E., his range

of vision embraces the outlines of two great systems which it is my object to illus-

trate. In the distance is the Old Red Sandstone, occupying the highest mountains of
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South Wales (see p. 169, et seq.), and in the middle ground the Silurian System, ap-

pearing prominently in the escarpment of Mynidd Epynt, whence it extends north-

eastward to Radnor Forest, and south-westward into the hills near Llandovery. The

valley in which the Yrfon and the Wye meander, through beds of soft schist and

shale, is well expressed by the artist ; while the bright red colours indicate the

ridges of eruptive rock which have been described in this and the preceding chapter.

/
\











Vale of the Towy, and Golden Grove, as seen from Dynevor Park near Llandeilo, sketched by Mrs. Murchison.

CHAPTER XXVIII.

CAERMARTHENSHIRE.

Course of Upper and Lower Silurian Rocks maintained by superposition and or-

ganic remains.— Great changes in lithological structure.—Lower Silurian

where lest developed—in parts affected by slaty cleavage.—Fine exhibition of

Llandeilo flags, their passage into Cambrian System.—Change of strike as

the strata pass into Pembrokeshire.— Cambrian Rocks.— Trap and Altered

Rocks.—Mines, $c. (PL 34. figs. 1 to 11.)

Silurian Rocks in Caermarthenshire

.

Upper Silurian rocks, similar to those of Brecknockshire, are prolonged into Caer-

marthenshire with precisely the same relations to the overlying red sandstone ; whilst

the Lower Silurian Rocks, of which the traces are so imperfect both in Radnorshire

and Brecknockshire, reappear in as great force as in any parts of Salop, Hereford, or

Montgomery ; the Llandeilo flags, in particular, having their fullest development in this

and the adjoining county of Pembroke. A good natural transverse section of the upper

group is exposed in the narrow valley of Cwm-dwr 1

,
already noticed in describing the

tilestones of the Old Red System.

1 In the prolongation of the escarpment of Mynidd Epynt and Mynidd bwlch-y-groes. See p. 181 et seq.



348 UPPER SILURIAN ROCKS—CAERMARTHENSH1RE.

On both sides of the ravine, these tilestones inclined 60° and 65° to the south-east pass

downwards into grey-coloured rocks. The junction is well observed to the west of Horeb chapel,

near which the Upper Ludlow Rock, rising from beneath the tilestones, ascends into the peaks

called Cerrig-bw-bach. The ends of the underlying strata are visible on the north side of the road,

but are more clearly exposed on the opposite or south-western bank in small parallel ridges se-

parated by combs, and the decomposing ends of the beds which protrude through the grass contain

a few fossils. As the angle of inclination increases, the strata pass down into others, charged with

casts of large orthocerata, corals, Sec, and these are succeeded by dark grey flagstones and coarse

slaty beds exposed in the longitudinal depression of Cwm-meirah and in the opposite bank of the

stream near the half-way house. Among the fossils at this spot are Asaphus caudatus, Productus

depressus (var.), Atrypa affinis, and many corals, Sec.

These lower strata are still more highly inclined, than those of the Upper Ludlow Rock and Old

Red Sandstone, for they become absolutely vertical, and in some parts are even so bent over as to

dip to the north-west, apparently passing under the Lower Silurian Rocks which flank them in that

direction. There can, however, be no doubt that the beds are only partially inverted, since there

is the clearest evidence, that the strata and their fossils which lie between this spot and Llandovery

belong to the Lower Silurian Rocks. These beds, where vertical or most bent, are broken through

by numerous, parallel, vertical, small joints, transverse to the strike, the interstices being often

filled with quartz crystals 1
. The fossils on the whole agree with those of the Lower Ludlow Rock,

although there are one or two species not found in Shropshire, an addition to be expected in the

same formation at distant points. These strata are succeeded by beds of black shivery shale, which,

though generally perishable, have occasionally (as on the south-eastern face of the adjoining

parallel ridge of Cefn-erthan) so fissile a structure, as to have been quarried for rough slates.

They occupy precisely the same position as the coarse slates of Hennalt near Builth, and complete

the parallel between the Upper Silurian Rocks of the Cwm-dwr and those on the Wye. (See

previous chapter.) These rocks range to the south-west along the escarpment of Mynidd-myddfai,

and are well seen in the transverse section of the gorge of Pont-ar-llechau (banks of the Sowdde

river, PI. 34. f. 5.). The junction beds beneath the Old Red Sandstone are grey, fine-grained, very

slightly micaceous, hard sandstone, of conchoidal fracture (the corner or building stone of the

district), which passes down into thinner flaggy beds with casts of fossils, succeeded by strata of

compact sandstone, again alternating with other flag-like fossil beds. These beds in the gorge of

Pont-ar-llechau dip at angles of 70° and 80° beneath the Old Red Sandstone, and are in parts much

affected by a slaty cleavage, occasionally so complete as to pass through the laminee of deposit and

cut completely through the organic remains. Ludlow rocks possessing all these mineral characters

are underlaid on the sides of the road between the Cwm-dwr and Llandovery, and in the tract

between that road and the river Sowdde, by arid, sandy shale, usually devoid of fossils. It

generally folds over in undulating and sometimes in large sub-concretionary masses, in which lines

of true stratification are exceedingly obscure. At Pwll-calch, near Myddfai, the upper part of this

shale contains a stratum sufficiently calcareous to have been burnt for lime. The mass lies in ver-

tical strata, which strike 30° south of west and 30° north of east, and is from 30 to 40 feet wide 3
.

1 This is one out of a multitude of examples clearly exhibiting a jointed structure, the direction of the joints

changing with every change of the strike.

2 My attention was first called to this small patch of limestone by Mr.W. Rees of Llandovery, to whom I am

obliged for several good hints respecting the topography and structure of this neighbourhood.
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The stone is of a dark grey colour and of sub-crystalline structure, penetrated by many veins of

white calcareous spar. The fossils found on the weathered surfaces at this spot and in the shale of

Tynewidd, not far distant, are principally those of the Wenlock formation. Among them are Spirifer

radiatus, Productus depressus, Orthis spinosa, Terebratula leviuscula, T. crebricosta, Lingula
lata, Orthoceras annulatum, and several corals of the formation.

There can consequently be little doubt that this calcareous band, slender as it is, re-

presents truly the Wenlock limestone, a fact of high interest, as we have been unable

to mark the exact place of this rock in the strike of the Silurian System since we took

leave of it at Old Radnor, distant from this spot about thirty-six miles. Again, slight

traces of this limestone appear on the banks of the Sowdde between Pont-ar-llechau

and Rhyd-sant, but they are the last signs of any calcareous beds of this age in the

south-western prolongation of the Silurian rocks of Caermarthenshire. At Pwll-calch

the calcareous mass is flanked by walls of a hardish, flaglike, slightly micaceous sand-

stone of a dingy grey or green colour, traversed by veins of white crystallized quartz
;

proving how very materially the strata have changed their lithological characters since

we took leave of them in Salop and Hereford.

From the right bank of the river Sowdde, and thence to the south-west and west below Caer-

marthen, the Upper Silurian Rocks thin out considerably, and are quite incapable of subdivision

;

for although a partially fossiliferous grey sandstone, which may be termed Ludlow rock, rises out

from beneath the tilestones of the Old Red Sandstone, there is little subjacent schist and shale to

represent the Lower Ludlow Rock, and no trace of subordinate limestone. This member of the

Silurian System in Caermarthenshire is so unlike the beds of the same age in Salop and Hereford

and Radnor, that what in these three latter counties is called a mudstone, is here represented by a

hard compact sandstone.

Pursuing these Upper Silurian Rocks along the ridge of the Tri-chrug, we come to the transverse

dell by which the little river Cennen flows into the vale of the Towy, and where the strata have
been affected by a powerful fault. On the left bank of the Cennen the Upper Silurian Rocks are

thrown into a sharp ridge above Golden Grove, the strata containing fossils and dipping 80° E.S.E.

(PI. 34. f. 7-) Thence these beds, still maintaining the top of the ridge and in contact with the Old
Red Sandstone, resume their south-westerly strike for a short space, when they are suddenly thrown
out to the W.N.W. for a mile (see Map), and then regaining a true south-westerly strike, form the

promontory of Nelson's Monument. Between this promontory and Middleton Hall is another

transverse fault, in which the junction beds with the Old Red Sandstone have been snapped off and

moved considerably to the south-east. This fault has produced only the rudiments, if I may so

speak, of a transverse valley 1
, for it has caused a slight depression only, in which water runs,

although at a height of several hundred feet above the level of the Towy. It therefore differs only

from those deeper rents in which rivers flow through ridges, in not having been fissured and chan-

nelled to a sufficient depth. It was very interesting to detect in this spot many well characterized

fossils of the Lower Ludlow Rock, such as Phragmoceras nautileum, Productus depressus, P.
euglyphus, Avicula reticulata, &c. (PI. 10, et seq.)

Owing to the small development of the Upper Silurian Rocks and their vertical position, the

1 See similar observations on rudimentary transverse valleys in a subsequent account of the Valley of Woolhope.

2 x
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strata containing these Lower Ludlow fossils are within a field's breadth of the Old Red Sandstone,

the intervening distance being apparently occupied by a hardish green or grey sandstone, with few

or no fossils, the equivalent of the Upper Ludlow. From Middleton Hall to the Black Pool on the

Towy, where the Upper Silurian Rocks pass that river in contact with the Old Red Sandstone, it

is still more impracticable to separate this Upper Silurian group into distinct members. Indeed

it is even difficult to separate the Upper Silurian Rocks from the Lower ; for the hills dwindle away,

calcareous matter disappears, and in great measure the fossils ; thus in short we appear to lose for

a time, the features which characterize those rocks through a range of nearly 100 miles. (PI. 34.

figs. 8 and 9.)

Along this portion of their frontier, the Upper Silurian Rocks in the form of hard quartzose sand-

stones lie in disjointed masses, separated by a series of transverse faults, each portion usually

ranging from east to west, and dipping to the south, till they approach the Towy, when another

snap takes place and the strata have the appearance of being shifted back nearly half a mile, and

then projected against the left bank of the river, striking from north-east to south-ivest. (See

Map.) Here, however, and at Croes ceiliog in the road from Kidwelly to Caermarthen, is a per-

fectly conformable junction of the base of the Old Red Sandstone and the inferior grey-coloured

sandstone, dipping 40° south-east ; and again on the right bank of the Towy at Castel-moel is a

still clearer and more complete passage from the representative of the Ludlow rock into the over-

lying Old Red Sandstone. This Ludlow rock is a thick-bedded grey, quartzose, micaceous sand-

stone, dipping 45° to the south beneath the Old Red, and underlaid by black schists, the mass being

apparently void of fossils.

The Towy here escapes through a rent in strata once continuous, but which have been thrown

into divergent directions by a fault ; so that the case is precisely similar to those of the Severn at

Coal Brook Dale, of the Wye near Builth, and of all the intervening streams which escape from

north-west to south- east.

Between the rivers Towy and Taaf the Upper Silurian Rocks are still less exhibited, but being

connected with a line of trappean rocks they will be again alluded to. At two miles south of St.

Clare, on the right bank of the Taaf, we meet with slightly inclined beds of unaltered Upper Silurian

Rocks, which, passing into Pembrokeshire, will be best understood by reference to their description

in the next chapter, only here remarking that the river Taaf, as well as the Towy, flows in a great

transverse dislocation, to which more pointed allusion will be made in describing the Llandeilo

formation as it appears at Clog-y-frain, where it enters into Pembrokeshire.

"Lower Silurian Rocks"

We now return to the north-east of Caermarthenshire to observe the relations of

the underlying deposits, and to follow their course to the south-west. The Lower

Silurian Rocks of this county are in some places not easily separable from the Upper

by mineral characters, particularly in the environs of Llandovery, where undulating

hills of sandy and argillaceous schist can be proved to belong to the Caradoc sandstone

only by containing at wide intervals casts of the well characterized fossils of that

formation
1

.

1 That this range of hills, including the Llandovery building-stone, is in the equivalent of the Caradoc sand-
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The hill of Goleugoed has hitherto proved richer in organic remains than any other

portion of this tract, but all the strata lying between Llandovery and Llangadock are

so disturbed and affected with reversed dips, that it is difficult to separate the younger

from the older strata with precision. At Blaen-y-cwm, near Sardis chapel, dark sandy

grits are heaved into vertical positions, flanked by schist and dark grey, white-veined

quartzose sandstone, striking from south-east to north-west. In these grits were found

some fine specimens of Nautilus undatus. (PI. 22. f. 18.) Again, near the summer-house

on the point of the hill of Glas-alt-fach is thin-bedded, bluish grey, slightly micaceous

sandstone, dipping to the north with a strike from east to west ; whilst at the western

end of the hill, near the high road, coarse quartzose grits of the same character dip 45°

S.S.E. and strike N.N.E. and S.S.W. (See Map.) There is no doubt, however, that

these hills belong to the Caradoc sandstone, for they contain many remains peculiar to

that formation in the quarries at Rhiw-felig, LIwyn-y-wormwood, Cefn rhyddan, Go-

leugoed, &c.

Many well known Caradoc fossils are mixed with some other species which I have not observed

in Shropshire or Montgomeryshire. Among these fossils, figured in PI. 19, 20 and 21 are Orthoceras

bisiphonatum*, Turbo PrycecE*, Buccinum angulatum, Turritella cancellata, Terebratula pusilla,

T. l*J-plicata*, T. tripartita, Pentamerus Icevis, P. oblongus, Orthis protensa, O. lata, O. radians,

O. aperturata, O. bilobata, Spirifer plicatus, S. liratus, Atrypa crassa, A. acuminata, A. lenti-

cularis, A. globosa, A. plana, A. orbicularis, A. undata, Productus depressus (var.), P. sericeus,

P. sericeus (var.), Orbicula granulata, Sec. (Those marked * have not been found in other locali-

ties.)

The Llandovery building-stone has not generally the firmness and durability of the

Caradoc sandstone, being so loaded with argillaceous matter that if not speedily used

and cemented in a horizontal position, it decomposes like the "greenstone" of the

Upper Silurian Rocks of Shropshire, Montgomery, and Radnor. We thus see that the

two groups at distant points have completely changed their lithological characters, for,

as already remarked, p. 190, 204 et seq., the Upper Silurian Rocks, which in Salop

are more or less incoherent mudstones, are here brittle, compact sandstones, whilst

the hard Caradoc sandstone of Salop has passed into incoherent schist. But as if to

torment the unfortunate observer who would draw inferences from lithological struc-

ture, there are still striking exceptions to this rule. We have stated that at the south-

western end of these undulating hills (at Glas-alt-fach) the beds become hard, quartzose,

and slightly conglomerated, and if we follow them to the north-east, through the

stone has been chiefly established through the zealous cooperation of Mr. Williams, surgeon of Llandovery, and

his son Mr. Stewart Williams, who have collected fossils from all the adjoining quarries, wherever a trace of

them could be detected. From his acquaintance with the Welsh language, and his intimate knowledge of the

topography and history of his native country, Mr. Williams has been enabled to render me most valuable assist-

ance. I have named the prominent fossil shell (found in the tilestone of Cwm-dwr by my able friend) Turbo

Williamsi, PI. 3. f. 6, as a slight tribute of respect and regard.

2x2
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Mwmfre Hills, we find that in the still higher ground around Noeth-griig (1500 feet

above the sea) they recover the true lithological character of the Caradoc sandstone, the

strata being loaded with the peculiar organic remains. These hills constitute the most

interesting tract in Caermarthenshire, since they exhibit a passage on the one side into

the Upper Silurian Rocks, and on the other into the Upper Cambrian.

The central part of Noeth-griig is dome-shaped, with deeply indented steep escarpments on the

north-east, and slightly inclined slopes to the south-west, west, and north-west. On the south-

east it is flanked by the cliffs of Castell-craig-gwyddon and the low ridge of Gorllwyn, and on the

north-west by the sharp ridge of Cefn-y-garreg. The whole mass consists of sandy schist, sand-

stone, and quartzose grit, with sometimes a fine conglomerate. For the better comprehension of the

arrangement of the strata, I refer to the transverse section from the escarpment of the Old Red

Sandstone of Mynidd bwlch-y-groes, across the Silurian System, to the hills of Cambrian rock

on the north-west. (See PI. 34. f. 3.) The beds which first rise from beneath the dark schists

of the age of the Wenlock shale are grey quartzose grits, in parts a conglomerate, which mount

up into the bold cliff of Castell-craig-gwyddon and dip 75° to the south-east. The lower strata

are thick-bedded, and were formerly much quarried for building materials, a fact strongly in-

dicative of the absence of good durable stone in this country, seeing that it has been sought

in this rugged and inaccessible spot. The thinner and overlying beds are filled with casts of shells,

among which are Pentamerus ohlongus, P. Icevis, Orthis Actonia, &c, Spirifer liratus, crinoidal

stems with granulated surfaces, and several species of coral.

A short anticlinal line ranges from south-west to north-east along the summit of this ridge, as

explained at its north-eastern extremity, where subsiding into a low hill, the strata dip both to the

south-east and north-west. The quartzose grits are also bent over in the chief hill of Noeth-griig,

where they undulate and dip in fan shapes to the west-south-west, west, and north-west, covering

an area of about four square miles. (See Map and PI. 34. f. 3.) The eastern and north-eastern

sides of these hills terminate with a steep escarpment, on the sides of which beds of schist and

argillaceous sandstone appear from beneath the harder sandstone.

The north-western face of the Noeth-griig is marked by a number of hard, rocky, protruding

ledges of sandstone, which dip successively 25° and 30° to the north-west. Descending to the

westward into the depression between Noeth-griig and Cefn-y-garreg (PL 34. f. 3.), the same strata

are curved into small elliptical basins, as represented in the annexed wood-cut,

Cefn-y-garreg. North-western slopes of Noeth-griig. 66,

N.W. S.E.
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one of which occurs on the summit of a low ridge, extending to the north-east from the farm-house

of Cwm-clyd, The most nearly perfect of these basins is that at the foot of Cefn-y-garreg, near

a spot called Pant-dreinan, where the strata converge to a common centre, presenting the appearance

of a large amphitheatre, in which the banks or seats are formed of the successive strata which issue

from beneath each other at angles of 25° and 30°. The synclinal axes of these rocky troughs, trend

from north-east to south-west, and are therefore parallel to the anticlinal lines of the higher ridges

by which they are flanked. In the annexed wood-cut the spectator is looking along the line of

strike in one of these synclinal depressions. In the Cefn-y-garreg or north-western boundary of

this rugged tract (the ridge seen on the left) the sandstones and grits are again thrown up, first at

angles dipping 35° and 40° south-east, and they are flanked by older strata, which dip 70° and 80°

north-west. These older, dark-coloured schists with harder beds, occupy the ridge of Cerrig-

gwynion, and strike perfectly parallel to that of Cefn-y-garreg, and resuming the true south-easterly

dip, underlie all the strata described, and thus graduate upon the north-west into the rocks of the

Cambrian System.

In my third and last visit to this wild spot (July 1835,) I detected fossils in the extreme western

flanks of these sandstones of Noeth-griig and Cefn-y-garreg, including a new species of Lituite,

Atrypa undata, A. rudis, Productus sericeus, the Ort/m Actonia, and the O. flabellula, &c. (See

PL 22.) Some of these fossils are even found in the vertical strata of Cerrig-gwynion and Cefn-

llwydlo, and are specifically identical with well-known shells of the Lower Silurian Rocks ; while the

beds in which they occur graduate on one side into the Cambrian rocks, and on the other into

Lower Silurian Rocks. Occupying, therefore, the base of the latter system, these beds must underlie

the Llandeilo flags, which are here represented by a thick zone of black flaglike beds, though I

could find no traces of the characteristic trilobites. Hence we may infer that the species of these

animals which existed in such great abundance while the lower portion of the Silurian System was

accumulating, lived only in certain localities, of which the north-western slopes of the Corndon,

Salop, the flanks of the Berwyns, the district of Radnorshire north of Builth, the vale of the Towy

from Llangadock to Llandeilo, the western extremity of Caermarthenshire, and parts of Pembroke-

shire, are the best examples.

The principal drainage of the singular tract of Noeth-griig is effected by the union near Glyn-moch

of several streamlets, which there traverse in a deep gorge the ridge of Cefn-y-garreg. On the south-

west bank, the beds of quartzose sandstone dip 75° north-west, whilst on the opposite bank they are

contorted, and in one part appear to have been altered. I could not detect any protruding trap, though

it is probable that such rock may lie at no great depth beneath these highly disturbed and dislocated

strata. Owing to the slight covering of soil or turf throughout the greater part of this rocky tract

around Noeth-griig, all the convolutions and disruptions to which the strata have been subjected are

very clearly exposed.

The district is, further, of high interest in affording instructive examples of the distinctions be-

tween the planes of slaty cleavage and the laminae of stratification. The former can be well studied

upon the north-western ledges of Noeth-griig, in strongly marked parallel lines, nearly vertical, as

represented in the previous wood-cut; and having a north-easterly and south-westerly strike.

They appear at first sight to be true lines of stratification. So much indeed do they prevail over

other marks of structure, particularly from the projection of the serrated edges of the layers, that

it was only when I found these lines cutting through the organic remains, that I was convinced they

were the planes of cleavage which had been impressed upon the strata subsequent to their deposition.

The parallelism of these lines is strikingly contrasted with the undulating surfaces of the beds in the
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singular troughs above described. So various indeed are the positions into which the strata are thrown

by these curvatures, that it is remarkable the planes of deposit and those of slaty cleavage should not

occasionally coincide ; for instances of this coincidence, though never observable in North Wales,

will hereafter be shown to occur in Pembrokeshire.

There is no spot, indeed, within the range of the Silurian rocks, in which the di-

stinctions between cleavage joints and bedding (as laid down by Professor Sedgwick,)

are better defined than in the rugged tract of Noeth-grug ; and the preceding wood-cut,

made from a rough sketch of my own, will enable the reader to form some estimate

of the geological interest attached to this scene
1

.

The right bank of the Sowdde from Pont-rhydd-sant to Llangadock, offers only low and obscure

undulations of schistose beds ; but on the left bank a transverse section, parallel to the river pro-

ceeding from Blaen-dyfFrin-garn to Tan-yr-alt, exposes a full succession of Caradoc sandstone, con-

taining in their upper beds Productus sericeus, var., and other Caradoc fossils ; and towards their

base flagstones with Asaphus Buchii, &c. A zone of sandstone, therefore, is here interpolated

between the Upper Silurian Rocks and the true Llandeilo flags, commencing on the sides of the low

hillock of trap at Blaen-dyfFrin-garn, and expanding to the south-west into the arid hill of Carn-

goch. The operation by which a great portion of the ridge has been changed from sandstone into

granular quartz rock, will presently be spoken of in describing the trap of this spot. The sand-

stone contains some of the same organic remains as its equivalents in Shropshire, and other parts

;

and though much disturbed upon the sides of the trap, and in Carn-goch, yet in the hill of Carreg-

gwyn-hir, removed from its influence, the strata are regular, and plunge at 60° beneath the Upper

Silurian Rocks of the Tri-chrug. (PL 34, fig. 6.) From this point the sandstone begins to thin out,

and the strike to undergo changes. At Tre-gib the direction is from east and by north to 10° south

of west, overlying Llandeilo flags at a high angle. These sandstones traverse the high road from

Llandeilo to Swansea, near the bridge Pont-ladies, with a strike from east to west, and a dip of 80°

south. They consist of small fragments of grey quartz and decomposing felspar, cemented by a

ferrugino-silicious paste, and contain a thin layer of white pipe-clay. Similar sandstones are again

found in the lower and western sides of the hill of Golden Grove, highly inclined, dipping under a

thin zone of the Upper System, and passing downwards into black trilobite flags. (PL 34, fig. 8.)

Though the Silurian System is here so attenuated that it is scarcely practicable to follow with

precision any one of the formations individually, yet it is quite clear that these light-coloured sand-

stones represent and occupy the same position as the Caradoc sandstone of Shropshire. To the

south-west of Golden Grove they are obscurely developed ; but the hard quartzose sandstone and

fine conglomerates of Glas-coed near Llanarthney, and of Capel dewi, may belong to this division,

since they lie between the Upper Silurian Rocks and a zone of the Llandeilo flags. The same

quartzose beds are again traversed on the sides of a small brook at Nant-y-caws near Pont-pibwr,

1 The laminae of deposit are the undulating lines, the joints are indicated by those lines which are at right

angles to the beds, and the cleavage planes are inclined at 70°. (See wood-cut, p. 352.) In many parts of the

environs of Llandovery, particularly in those occupied by schists void of fossils, it is almost impracticable to

separate the lines of cleavage, joints and bedding, without examining a large area, and by ascending to the

tops of the hills, where the most marked character of the rock is generally to be found. Where the slaty

cleavage is very pronounced, as at Noeth-grug, it is of course much easier to determine what is not the laminaa

of deposit than in these half amorphous, half slatified masses.
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On the high road from Caermarthen to Swansea, where pebbles of white quartz of the size of small

beans are disseminated in a base of dark grey schist, with some felspar and green earth, the strata

being vertical, and their strike from north-east to south-west. It is no easy task to distinguish

these sandstones from the overlying and underlying formations in their progress westward from the

right bank of the Towy to St. Clears, on account of great denudations, and the apparent absence

of fossils and calcareous strata ; but before we enter Pembrokeshire, the Llandeilo flags reappearing

in great force, are again clearly separated from the Upper Silurian Rocks by thick masses of yellow

sandstone, largely quarried at Llandwror, and containing fossils of the true Caradoc formation.

(See Map.)

** Llandeilo Flags."

Llandeilo flags, distinguished by the presence of the Asaphus Buchii and A. tyrannus,

and underlying the great mass of Caradoc sandstone, are exhibited on the left banks of

the rivers Sowdde and Towy below Llangadock. They extend thence by Tan-yr- alt,

Pen-y-banc and Pompren-arreth, to the low hills of Pentref and Tir-wyn-fach, where

they strike across the Towy, occurring in great force at Llandeilo and in Dynevor

Park. From Llandeilo to Caermarthen, this formation is seen on the right bank

of the river, chiefly in detached and broken masses, near Llangathen and Llanegwad,

the only places where I have detected the rock on the left bank being at Golden Grove

and at Capel dewi. Beyond the latter point the calcareous matter thins out, and does

not reappear till we reach Clog-y-frain, on the borders of Pembrokeshire, though the

course of the formation is traceable at intervals by its organic remains, as at Pensarn,

&c, near Caermarthen.

By consulting the map, it will be seen that between Llangadock and Caermarthen, a

space about fifteen miles in length; and from half a mile to two miles in width, these

Llandeilo flags have been singularly thrown about with divergent strikes and reversed

dips. At their north-eastern end a transverse section (PI. 34, fig. 5.) from Tan-yr-alt,

to Blaen-dyffrin-garn, passes over the low hills of Pen-coed, Pen-llan, and Tyr-y-garn
s

exposing beds of black calcareous flagstone, occasionally very pyritous, and more or

less charged with trilobites, alternating with thickish bedded strata of grey, quartzose

sandstone and dark shelly grits 1
. These flagstones have a prevailing direction to the

south-west, and dip in opposite directions, i. e. both north-west and south-east, at high

angles. In following the strata to the south-west, they are subjected to several breaks,

by one of which they are deflected to the north-north-west, or nearly at right angles to

their prevailing strike ; but they resume their south-westerly direction, and range with

tolerable regularity along the western flanks of Cairn-goch and Carreg-cegin, plunging

at one or two spots at high angles beneath the overlying sandstone. (PI. 34, fig. 6.)

At Pompren-arreth, the subordinate beds of grit thinning out, the blackflags and shale

» Encrusting springs issue from some of the more calcareous beds.
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are exposed in a thickness of nearly half a mile in highly inclined strata, (70° to 80°)

on the banks of the brook, extending eastward to the waterfall. Many casts of tri-

lobites occur in these beds, and also bands of stone sufficiently calcareous to be burnt

for lime.

The prevailing strike is here 30° south of west, whilst at Pentref and Tyr-wyn-fach, only one

mile nearer to Llandeilo, beds charged with the same trilobites, are wrenched from the prevailing

strike and range, in vertical positions to the west, and even 10° north of west. If we trace the

beds to the westward across the valley of the Towy, we again meet with them greatly developed at

Llandeilo, but in the very first ledge on the eastern side of the town they recover their south-

westerly strike. This direction is however maintained a very short distance, for in the space occu-

pied by even the high road, the same beds are broken off and trend on one side to the west, dipping

80° to the north, or nearly at right angles to the beds observed upon the other. In most of the

quarries in and about Llandeilo, the number of dislocations to which the flags have been subjected

is truly surprising, the strata being for the most part in vertical or highly inclined positions. (See

Map, and PI. 34. figs. 7 & 80 In one of the chief quarries of Dynevor Park, the beds are thrown so

completely out of the prevailing direction, as to strike E.S.E. and W.N.W., dipping 70° N.N.E.,

whilst in Bird's Hill they bend round from 15° W. of N. to true N.W., S.E., though in the Llan-

gathen and Grongar Hills, the old strike of N.E., S.W. is resumed. In fact the beauty of Dynevor

Park depends upon these dislocations, by which the surface has been diversified and thrown into

separate knolls now wooded to their summits. (See wood-cut at the head of this chapter, Dynevor

Park in the foreground, Golden Grove in the distance.)

The prevailing flagstone, in beds from two to four inches thick, is dark-grey or

indigo colour when extracted, but it weathers to a light ashen hue, the surface being

in some parts covered with a profusion of casts of the Asaphus Buchii, other organic

remains being rare. The calcareous flags are very generally traversed by veins of white

calcareous spar, from one-tenth to half an inch wide, which usually divide the beds into

rhomboids. These flags occasionally, as at Griig, about three quarters of a mile north-

west of Llandeilo, pass down into thicker masses of sub-crystalline, dark, impure lime-

stone, having an east and west strike, and a dip of 45° to the north. They contain

encrinites, a few casts of shells, Asaphus Buchii and A. tyrannus. The beds have a

corrugated surface, due to the mass being composed of small irregular concretions, and

this structure is partly occasioned by the unequal dissemination of sand and even of

small pebbles in the calcareous matrix. The true flag-like structure of the Llandeilo

flags is not discernible in any of these beds. The Grug quarries exhibit the oldest

calcareous beds of this formation, as they lie to the west and north-west of the flags,

and the same nodular limestones occur in Llangathen and Grongar Hills in similar

positions, rising from beneath the younger strata and graduating on their western flanks

into the rotten slates and greywacke grits of the inferior or Cambrian System, in which

(in this district) all traces of fossils are lost.

To the south-west and west of Llandeilo the flagstones are found on both banks of the Towy in

distorted masses, none of which have a continuous strike for more than a few hundred paces. Below
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the house of Golden Grove, the principal strike is west-north-west, the strata being nearly vertical, or

dipping 80° under the younger group, but in the great quarry the strike is 29° north of west. These
strata belong to the younger portion of the formation, passing upwards into shelly sandstone, con-

taining, besides the Asaphus Buchii, the casts of shells generally characteristic of the Lower Silu-

rian Rocks, some of which are figured PI. 22 1
.

Between Golden Grove and the point occupied by these flags on the opposite banks of the Towy,
is a distance of two miles, occupied by a flat alluvial plain, which has evidently been the scene of

great dislocations and subsequent denudation ; for on examining the rocks extending from Llan-

gathen through Grongar Hill, to the old castle of Dryslwyn, (see Map), the strike of the same beds
is almost completely reversed from that of Golden Grove. In this ridge, the prevailing south-

westerly direction is resumed, subject however to striking aberrations, as near the house of Berlland

y wull, where vertical beds of impure calcareous nodules and flag, strike from north to south.

The best examples in Caermarthenshire, where this formation passes into strata of the

inferior system, are seen near the hamlet of Rhiw-yr-adar and along the western sides

of Llangathen and Grongar Hills. (PL 34. f. 8.) Here the flags, highly inclined and
contorted, graduate on their north-western face into irregular concretions of impure

limestone, occupying the same place as the limestone of Griig. They first alternate

with dark and light grey grits, a coral being sometimes discernible, and are succeeded

by beds of schist with soft sandstone and grit, containing casts of encrinites. There is

also an imperceptible passage from these sandy beds into still more ancient strata void

of fossils ; viz. the black schists, which, in common with Professor Sedgwick, I consider

the link connecting the Cambrian and Silurian Systems. Similar successions are ob-

servable near Llan-rhaidr, in Denbighshire, p. 307, and in Pembrokeshire.

The Llandeilo flagstones appear the last on the right bank of the Towy, in little parallel ridges on
both banks of, and near the mouth of the river Cothi

;
they are also obscurely seen near Llaneg-wad,

and in a marked manner at a hamlet called Nant-y-redig. Here the strata striking true north-east

and south-west, and dipping 70° to the south-east, are composed of dark impure limestone, with

some fossils, and are underlaid by less calcareous beds, traversed by numberless veins of pure white

calcareous spar, and these again by black flagstones, of two to four inches thick, having a ferruginous

weathered exterior. A little to the north-west of these quarries, or at the foot of the hill of Gait-

fawr, one of the lowest masses of limestone of this age, containing casts of large trilobites, protrudes

above the high road, exhibiting dark sub-crystalline concretions, overlaid on one side by an arched

stratum, a few inches thick, of hard, earthy limestone, and on the other by thin beds of shale, and
thick beds inclosing small calcareous nodules with corals and other fossils. The calcareous flags

of Nant-y-redig may be traced in their strike to the south-west, reappearing at Capel dewi, on

1 In all the quarries around Llandeilo, and in many other situations both in Caermarthenshire and Pembroke-

shire, the Asaphus Buchii is not the only large trilobite peculiar to these flags and limestones. That species,

so easily distinguished by its round form (see PL 23 and 24.), is frequently associated with another, having a

caudal extremity more or less pointed, and differing from the A. Buchii in the termination of the post-abdominal

segments. To this species I have assigned the name of Asaphus Tyrannus. See Plate 24, figured from a splen-

did specimen presented to me by the Earl of Cawdor.

2 y
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the left bank of the Towy. From this point to the south and west, the formation contains no cal-

careous masses till we reach Clog-y-frain, on the borders of Pembrokeshire, a distance of about

fifteen miles. Its course however is marked on the left bank of the Towy at Pont pibwr, opposite

Caermarthen, by trilobites, which occur in nodules in black argillaceous rotten shale, (see Section,

PI. 34. f. 9.) passing down into strata of black schist, containing at Mount Pleasant, casts of several

shells, most of which are greatly contorted.

I consider these fossils, like those west of Noeth-griig, to occupy the base of the

Llandeilo formation. Among them are several of new species not mentioned in previous

chapters, such as Nucula Icevis, Spirifer alatus, Euomphalus perturbatus, and Ogygia

Murchisonce
1

, PL 25. figs. 3a & 3b
,
together with the well-known fossil Orthis Flabellula,

and others common in the Lower Silurian rocks.

Between the Towy and Taaf, and thence extending by St. Clears, the black shivery

schists are supposed to represent the Llandeilo flags, although they contain no calca-

reous beds ;
or, as far as I could observe, any very characteristic fossils. But at Clog-

y-frain to the west of St. Clears, and on the left bank of the Towy, a prominent ridge

of limestone rises from the midst of black schists and flags. In this ridge are three

calcareous bands, separated by calcareous flags and shale, making in all a thickness of

upwards of 200 feet : the uppermost band of limestone being of very fine quality, and at

least seventyfeet thick, has been the most largely quarried. The beds are, therefore, much

thicker than those of any mass of limestone of this age previously noticed. One of

these, about ten feet, is in fact a complete aggregate of shells, corals and trilobites, and

is of a dark-bluish grey colour, crossed by white veins, which mark the course of the

joints. Some of the beds are so charged with crinoidea, that they might be well termed

encrinite limestones ; and among these remains is one having pentagonal joints. Orthis

flabellula, 0. alternata, 0. canalis, and 0. bilobata are the prevailing conchifers. Corals

are very abundant on the surface of the beds, and Asaphus Buchii is not unfrequent.

This beautiful marble rock passes up into sandy limestone, and the calcareous matter

diminishing, is soon lost amidst the surrounding shale and sandstone, in the form of a

concretion.

The variations in the strike and dip of the beds are proofs of the powerful disturb-

ances by which they have been affected. The strata bend round from W.N.W. to

E.S.E., to N.W. and S.E., the last strike being absolutely at right angles to the general

direction of the formation in South Wales ; and the dip, instead of being to the south-

west, so as to pass under the superior formations, is completely reversed, or thrown

over to the north-east at angles of 55° and 60°. On examining the adjoining gorge of

1 The principal trilobite figured from this locality is a new species of Ogygia, which I have named after

Mrs. Murchison, who unexpectedly discovered this fossil in a locality where I had abandoned the hope of

finding one. The trilobites and fossils of this spot, together with those of Llandeilo, bear so strong an analogy

to those described by M. Brongniart from Angers in France, that I have little doubt of the black flags of the

latter place proving to be of the same age as the bottom beds of the Silurian System.



CAMBRIAN ROCKS, CAERMARTHENSHIRE. 359

the Taaf, the strata are found to be tilted both to the north-east and to the south-west,

in which direction the black flags pass under Caracloc grits and sandstones, which in their

turn are overlaid by Upper Silurian rocks, and the Old Red Sandstone of Cynic. (See

PL 34. f. 10.) The line of fault by which the Llandeilo flags are affected, is parallel to

the river Taaf, and on its left bank. This is the last great flexure and snap to which

the formation has been subjected before entering Pembrokeshire; for although the

whole of the Silurian System has undergone similarly violent convulsions, (see Map),

yet as the amount of each dislocation can be marked with the greatest precision by the

changed direction of the beds of limestone, attention has been particularly directed to

them.

The preceding notices of the dislocations in Caermarthenshire have been fuller than

usual, because in this country, the Silurian System, after its long course from north-

east to south-west, is met by a succession of powerful cross and compound fractures,

which towards Pembrokeshire become so frequent, as to give it for some distance an

east and west direction, although, as will be shown hereafter, the south-westerly

strike is resumed before the final disappearance of the system in the coast cliffs of that

county.

CAMBRIAN SYSTEM.

( Caermarthenshire^)

a. Passage from Lower Siku-ian to Cambrian. b. Dull schists, with imperfect slaty cleavage.

c d. Stratification marked by undulating quartzose beds ; the mass traversed by lines of slaty cleavage.

From the hills near Llanwrtyd, whence the view forming the vignette to the last

chapter was taken, the rocks of this system range to the south-west through moun-

tainous and sterile tracts, their south-eastern frontier passing near Llandovery to Llan-

gadock » and trending afterwards by the west of Llandeilo to Caermarthen, they are

deflected to the west, in common with the Silurian formations. If these rocks have a

tolerably well-defined boundary in that part of their eastern frontier where they have been

described as passing into the younger deposits, (Noeth-grug, Llandeilo, and Grongar,)

they have no lines of demarcation or division within themselves, and extend over two-

thirds of Caermarthenshire, without any material changes in their mineral structure.

A detailed examination of this vast area is not within the objects of my work.

Between Llanwrtyd and Llandovery are dark rotten schists, having a dull surface, the whole oc-

2 y 2
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casionally affecting a slaty cleavage, and frequently appearing as if dipping to the north-west, when
the dip of the beds is to the south-east at 70° or 80°. Good examples of this are observable to the

south-east of the Sugar Loaf, near the spot where these lower strata pass into the Silurian System.
The separation of the Lower Silurian rocks from the Upper Cambrian, has been generally effected,

by assigning to the former those beds which contain fossils, and to the latter those which do not.

For although animal remains occur in the Cambrian strata in many other parts of England and
Wales, nature has here afforded us no such evidences, since the incoherent schists near the base

of the Silurian System, and those which extend over so large a portion of the region of slaty

Cambrian rocks, are lithologically i?isejjarable. As we ascend in the higher and more arid regions

of the north-west, ribs of grit and sandstone begin to alternate with these slaty schists, and finally

the beds of schist becoming harder, have glossy laminae, are penetrated by thin veins of white
quartz, and put on more the characters of slate. Still older slaty strata, lying still further to the

north-west, contain thick courses and concretions of quartzose grit, and in these the dip is often

reversed to the north-west. The fragments of slate included in these coarse grits are sometimes

indented by the surfaces of small quartz pebbles 1
. In their range to the west of Llandovery

(PI. 34. fig. 2.), these rocks are here and there

diversified by concretionary masses of grit, some of

which have been recently exposed, by cutting a new
road from Llandovery to Llampeter in the gorge of

Cwm-dvvr 2
, north-west of Llanwrda. In some parts

these concretions are perfectly isolated in the slaty

mass, in others they run into contorted and imperfectly formed strata, in which obscure lines

of bedding are perceptible, dipping to the south-east and north-west, whilst the predominant lines

of slaty cleavage are invariably inclined to the north-west, the latter being what most observers

would take to be the true lines of stratification. The section (f. 2. PI. 34.) illustrates these ex-

amples, and affords an additional confirmation of the truth of the doctrine of slaty cleavage taught

by Professor Sedgwick. (See p. 352.) Either, however, the crystalline slaty impress (as is indeed

most probable), has not here been communicated in so decided a manner as in other parts of Wales
;

or the quartzose masses have been gathered together by concretionary action, subsequent to the

operation which produced the slaty structure, for the parallel planes of the slaty beds often terminate

abruptly against the edges of the concretions 3
. The schistose beds at their points of contact with

these concretions are more sandy and micaceous than usual, with ferruginous discolorations pro-

ceeding from the. decomposition of iron pyrites. This ingredient (the curse of most countries where

1 It is from the summit of one of these wild mountains, Esgair davydd, that the large sketch, facing p. 346,

/Was drawn, combining, in one view, all the formations from the Old Red Sandstone to the greywacke slates

inclusive.

2 A different Cwm-dwr from that in which the Upper Silurian rocks are so well developed.

3 This phenomenon is precisely in accordance with what I have recently observed in parts of the slaty

schistose system of Ilfracombe in North Devon, when in company with Professor Sedgwick. There the beds

of sandstone predominate; and the slaty cleavage, after passing through the schist, stops suddenly at the bed

of sandstone, thus

:
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it abounds) l
, is the only simple mineral to be found throughout large tracts of these slates, the

occurrence of ores of real value, such as at Nant-y-moen, being a very rare phenomenon in Caermar-

thenshire. In the higher parts of the range called Llansadarn mountain and Carreg-fawr, there are

strong sandstone and grits passing into quartzose conglomerates, similar to those in the gorges of

the Elan and Wye near Rhayder. If we attempt to follow any one of these bands of grit or con-

glomerate to the south-east or north-west, all traces of it are soon lost, the prevailing rotten slate

rising to the surface ; but pursuing the direction of the strata, we again meet with similar quartzose

masses, such for example are the rocks of Taliaris warren, distant five or six miles from those of

Llanwrda and Llansadarn. These quartzose grits and conglomerates are therefore only irregular

aggregates or large concretions, where the amount of coarse materials was not sufficient to form

continuous strata. As the schistose beds are generally fragile, rarely affording slates worth extract-

ing, and as there is not a trace of limestone in the region, these coarse sandstones are the only

useful rocks of this part of Caermarthenshire ; and hence they are extracted both for the roads and

rough masonry.

In the neighbourhood of Caermarthen, hard grits of this class are quarried at Galli-cistaniog on

the left baiik, and near Abergwylli on the right bank of the Towy. I have before remarked that in

the neighbourhood of Caermarthen the Silurian System dwindles to a narrow obscure zone, which

is strikingly proved by the proximity of the edge of these slaty greywacke rocks to the Old Red
Sandstone. (See Map.) I examined these Cambrian rocks towards the interior by traverses from

Llandovery to Llampeter, and from St. Clears to Newcastle Emlyn j but in no portion of the

wide space between these places have I detected any striking variety of mineral structure ; the

whole tract being occupied by schists, grits and sandstones, more or less impressed with a slaty

cleavage, ranging generally from north-east to south-west, and dipping to the north-ivest. This

cleavage is rarely perfect, though slates are sometimes worked. Between Llampeter and Newcastle

Emlyn the strata occasionally change their prevalent direction from E.N.E. to W.S.W. to east

and west. Between Caermarthen and Mydrim are similar oscillations from a south-westerly

to a true westerly strike ; but in the transverse section from St. Clears to Newcastle, on the

right bank of the Afon-gynin, there is no deviation from the westerly strike with which the rocks

of this age, in common with those of the Silurian System, are thence prolonged into Pembroke-
shire. (See Map.) This slaty system of Caermarthenshire (we may say the same of the adjoining

county of Cardigan) contains very little calcareous matter. The only exceptions occur at intervals

in a slaty zone, not far removed from the frontier of Silurian rocks. At Mydrim, four miles north

of St. Clears, hard dark-grey, thick flags, slightly calcareous, pass into imperfect concretions of a

very impure limestone, underlaid by schists and quartzose grits. In this calcareous mass I could

detect no fossils, but the geodes contain crystals of quartz, and the beds are traversed by* veins of

the same. It will be observed, by consulting the map, that these strata strike a little to the north

of west and dip northwards 45°. Similar calcareous flagstones, quarried for roofing slates, and of

about the same age as those at Mydrim, occur at Pont-y-glaen and north-west of Abergwylli near

Caermarthen, but they are apparently equally void of organic remains. These beds dip 35° north,

1 I would partially except from this character those tracts where iron pyrites, by its decomposition, produces

medicinal springs, (see pp. 34, 155, &c), as well as those districts where the pyritous clays and marls have

been used for the manufacture of alum
j but pyritous clays, as far as I have observed, are invariably of slight

agricultural value.
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and are traversed by lines of slaty cleavage also dipping northwards, but at an angle of 45°. In

some parts of the quarry, indeed, the surface of the beds and the planes of slaty cleavage almost

coincide. Great perpendicular joints cross these slates from north to south, and there are also many

backs or joints coinciding with the strike, thus indicating both dip and strike joints. These two

sets of joints and the planes of cleavage give rise to rectangular prisms terminated by oblique planes.

Veins of calcareous spar mark the course of many of the joints, and one calcareous band of about

half a foot in thickness is parallel to the beds.

We cannot take leave of the slaty rocks of Caermarthenshire without reminding the

reader, that although some of them in this district may be the equivalents of the Long-

mynd, or mineral axis of Salop, they are here separated from the Silurian System

by perishable schists, with beds of calcareous slate, grit, and sandstone occasionally

containing fossils. This intermediate member of the series, though made up of

the same ingredients as the slates, is seldom affected by a complete slaty cleavage. It

is further worthy of remark, that the very few fossils which occur in the intermediate

zone are never detected in the fine shale, though we might suppose its structure to

have been favourable to the conservation of organic remains. The beds containing

fossils are those hard grits or sandstones which reappear at wide intervals in the schist.

In short, the zone intermediate between the Lower Silurian Rocks and the slates, is

scarcely to be distinguished in external appearance from many of the districts in which

the incoherent beds of the Silurian rocks are most developed. The strata in both cases

decompose to mud; but in agricultural value the beds of the Silurian System have a

manifest superiority, containing usually calcareous matter, whilst its prevalent absence

in the upper part of the Cambrian System renders the soil comparatively cold and

sterile. The perishable nature of the schist (" rotch") throughout such large tracts,

and the absence of bands of hard sandstone by which it might have been sustained,

have led to their extensive denudation, and has necessarily obscured in most places the

passage from the Silurian into the Cambrian System.

Of the slaty impress, much has been said to confirm the view of Professor Sedgwick

that it has been superinduced upon the materials of which the strata are composed, long

after their accumulation. We further learn from observation in Caermarthenshire,

that this impress has been strongly communicated in some parts, and suddenly cut off

or omitted in others ; and lastly, we perceive, that as it has been repeated at distant

parts in rocks of different ages, it is no test of the antiquity of the rock affected, though

it may be inferred, that the older slates having undergone a greater number of metamor-

phoses, may thus (ceteris paribus) have been rendered more crystalline than the

younger. Let us hope that the day is not distant, when the experimental chemist,

whether employing heat, electricity, or both these great causes of change, shall reveal

to us the method by which the fine silt from which these schistose masses were derived,

was converted into the slaty form ; till then, we fear that field geologists must remain

satisfied with establishing the actual condition of the subject.
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Organic Remains in the Cambrian Rocks of Caermarthenshire.

Besides the crinoidea, and a few traces of shells detected in the beds of passage be-

tween the Llandeilo flags and the Cambrian rocks, singular forms have been recently

discovered near Llampeter, in the faces of the building-stone of that place.

This discovery was made by the Rev. A. Ollivant, Professor of Llampeter College,

and the specimens procured by him are delineated. (See PL 30.) These convoluted

forms seemed at first sight to represent zoophytes, but after a long examination, no

zoologist has ventured to pronounce that they ever belonged to the animal kingdom.

Neither has the botanist been willing to recognise them as vegetables, although in com-

mon with the zoologist, he allows that they have a regularity of form which indicates

organic structure.

Trap and Altered Rocks in Caermarthenshire.

When I commenced the examination of South Wales, I was, like other geologists,

unacquainted with any trap rocks in Caermarthenshire ; nor did I discover any trace of

them till the summer of 1833. The spot at which they were first seen is in the rocky

knoll of Blaen-dyfFrin-garn, on the left bank of the Sowdde, about three miles south-east

of Llangadock, and about one and a half mile north-west of Pont-ar-lleche, where the

Old Red Sandstone and the Silurian rocks are conterminous. Seeing the great extent

to which all the formations of this neighbourhood had been dislocated, I was anxious to

discover any rock of intrusive character which might explain such operations, yet this

knoll was for some time the only one I could detect.

This trap is more or less porphyritic, having a base of compact felspar partly concretionary, and

sometimes beautifully mottled by green earth. It occasionally contains a little lime. The structure

is both amorphous and flaglike. These varieties protrude at various points along the summit and

upper sides of the hill. A black flagstone and shale, which dip from its south-eastern face, are not

seen in contact with the trap, but at the distance of more than one hundred paces, and near the

base they are thrown off at an angle of 30° to the south-east, and in a state of hard, black, slightly

calcareous flag, which has been quarried, and in which was found the beautiful small trilobite called

Trinucleus Lloydii, (PL 23. f. 4.) On its western, north-western, and south-western faces, this

little ridge tilts off sandstone, which has been shown to form a part of the Caradoc formation. It

is most instructive to observe how precisely similar is the effect of this contact, to that described

in the Wrekin, the Caradoc, &c, where trap has thrown up sandstone of the same age. Near the

north-western face of the knoll, the sandstone resting on the trap is a complete quartz rock of con-

choidal fracture, the grains of sand exhibiting all the appearance of having been agglutinated into a

hard, homogeneous mass. On the side above the farm-house of Prenteg, this altered rock presents

- a bold and rugged vertical face, of about sixty feet in height, in which there are slight traces of

bedding, the whole resembling a confused assemblage of huge trapezoidal blocks, above which the

quartz rock assumes a stratified structure, and about thirty paces distant from the nearest boss of
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trap, dips towards the hill or to the south-east. In other spots upon the sides of this little hill, I

collected some very slightly altered sandstone, charged with fossils which characterize the beds of

the same age in Shropshire. By continuing a transverse section from the centre of the hill to the

north-west, a small valley is passed, beyond which the sandstone and grit resume their ordinary

characters, the beds dipping to the north-west, or from the eruptive trap 1
. I could discover no

traces of the prolongation of this trappean axis in its strike to north-east, for the beds of shale

and flag fold round it, and in the beds of the Sowdde at Rhydd-y-sant are little disturbed. But to

the south-west the line of altered rocks is most strikingly marked for several miles. Gnarled and

broken bosses of quartzose sandstone, passing into quartz rock, occupy the wooded hills of Pentre-

bach, whence they rise by Carreg-alt to the hill of Cairn-goch, 700 feet above the sea. This hill,

so very remarkable from the natural strength of its position, stands out between the rectilinear and

mural ridge of the Truchriig before described, and the valley of the Towy. Hence, doubtless, it

was selected by the Romans as an encampment 2
.

We thus observe, that the phenomenon of altered rocks is just as strikingly displayed in this

corner of Caermarthenshire, where trap protrudes, as in the north-east of Shropshire, distant nearly

one hundred miles, and therefore we are completely borne out in referring these effects to igneous

action ; the same causes and the same effects being invariably associated.

It may be asked, whether the analogy is further proved in Caermarthenshire by the exhibition of

metallic veins. Now it has been shown, that wherever trap rocks protrude, in the counties

of Salop, Montgomery, Radnor, or Brecknock, the strata in contact are more or less veined,

and although these veins do not always contain valuable ore, the point (as respects theory) appears

to be quite as conclusively established by the existence of poor veins, containing merely crystallized

pyrites, lime, barytes, &c, as if such veins were loaded with the richest metals. The truth of this

assertion has been very clearly proved in the Corndon and Shelve district in Shropshire. It is

doubtless dangerous to assert, that all mineral veins are connected with igneous operations, but as

wherever trap rocks intrude, the hardened and indurated strata are more or less intersected by veins,

we are led to conclude that such veins are as much the result of the intrusion of the volcanic

1 From specimens collected by the Rev. Henry Lloyd, of Tan-yr-allt, two other thin bands of porphyritic

and slaty trap have pierced through the strata, the one ranging from Gorrllum by Carreg-folgam, the other by

Hendre-felin, between Pont-meredith and Tal-y-garn ; the protuberances of quartz grit along their lines favour

the supposition. I am also indebted to Mr. Henry Lloyd for pointing out to me the position of an ancient

Crom-llech, called Llech-filart, which stood in the low grounds to the north of Blaen-dyfFrin-garn, but which

was barbarously destroyed a few years ago by an ignorant tenant. According to the tradition of the country,

this was the last place in Britain where human sacrifices were offered, and in more recent times, feuds were

reconciled and good fellowship re-established by shaking hands over this stone. In an excavation, Mr. H. Lloyd

found bones beneath this Crom-llech, which proved to be human. This is one of the many spots in South

Wales and the adjoining English counties which have great antiquarian interest attached to them.

2 The form of the encampment is a parallelogram, the larger diameter of which corresponds with the axis of

the ridge, and is therefore in line with the main direction of all the deposits in this region. Four entrances

are still discernible : a slight depression in the centre must have added much to the security of the camp. The

north-western, or one of the largest faces, is a natural defence of quartz rock in situ, the beds of which dipping

to the north-west, present a bold precipitous face to the valley of the Towy. The other walls, which in places

are still twenty to thirty feet high, have been formed by piling large and shattered blocks, which, from their

angularity, give a cyclopean character to these venerable and desolate ruins.



TRAP ROCKS, CAERMARTHENSI1IRE.—CASTEL COGAN, ETC. 365

matter, as the induration and alteration of the beds ; for even this zone of Carmarthenshire trap is

not without its metalliferous combinations, although they are of small extent. In the younger

strata of the Silurian rocks, which are parallel to the ridge of Blaen-dyffrin-garn, and Cairn-goch,

veins of lead have been partially worked, passing through the vertical strata on the banks of the

Sowdde, and similar veins have been more extensively cut into in the prolongation of these altered

strata near Pen-cae-sarah, and in the adjacent deep dingle, small filaments of copper ore have also

been discovered along the flanks of the quartz rock of Cairn-goch, precisely analogous to those on

the sides of Caer Caradoc.

Trap of Castel cogan, fyc.

A much more extensive outburst of trap than that of Blaen dyffrin-garn, occurs be-

tween the rivers Towy and Taaf, in the south-western district of Caermarthenshire.

This trap has also been erupted on a north-east and south-westerly fissure, and is

traceable at intervals for three to four miles, from a spot called the Glog, by Capel

and Llangynog, to Castel cogan and Gallt-y-minde, where it terminates in rugged hills

on the left bank of the Taaf. At Gallt-y-minde the rock is a hard, dark-grey, cream-

coloured or pink, compact felspar, projecting in irregular and angular masses, with

veins containing crystals of quartz, and minute crystals of iron pyrites. Thence it rises

into the highest ground in this tract, surmounted by the remains of the ancient camp

of Castel cogan 1

; the rampart of which has been entirely constructed of this rock.

The line of eruption towards Llangynog is marked by masses of amygdaloid, protruding through

contorted schist and grit. From this point the trap subsides for some distance, but it reappears

at Capel in the form of a concretionary felspar rock, in parts having a brecciated aspect, and

passing into an imperfect greenstone. The line of outburst is also flanked by masses of volcanic

grit, passing into a felspar conglomerate. At the Glog, where it has been deeply cut into for a

road- stone, the base of the quarries exposes a very hard rock, full of oblique rents and cracks,

made up essentially of compact felspar, for the most part concretionary, whilst in the upper

part, small pebbles of quartz become apparent, and are frequent near the summit. This felspar

conglomerate, with quartz pebbles of the size of eggs, varies from that state to a grit, and when

deeply laid open, consists of a concretionary and solid mass of felspar. It occupies several emi-

nences of 500 to 600 feet in height, along the northern face of the line of eruption. (Pen moelfre,

&c.) Like the volcanic conglomerates described in Radnorshire and elsewhere, the mass becomes

bedded where the quartz pebbles predominate, and therefore constitutes one of those rocks formed

by the mixed agency of fire and water.

The discovery of this volcanized tract upon a line of fissure, parallel to the direction of the

Silurian rocks, and running so near their junction with the Old Red Sandstone, satisfactorily explains

many singular lithological appearances and fractures in the Upper Silurian group, which previously

surprised me. It has already been shown, that at several points on the left bank of the Towy,

quartzose grits,, containing much felspar, and altogether differing from the regular measures of the

1 The camp of Castel cogan is probably a Roman work, though the parallellogram is not of the regularity

observable in Cairn-goch.

2 z
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Silurian System, are developed to some extent. Now these contiguous rocks lie precisely between

the points of eruption of Blaen dyffrin and Castel cogan, and range in lines parallel to the fissures

of eruption.

We thus obtain additional proof that the violent dislocations of the Silurian System,

and the lower strata of the Old Red Sandstone of Caermarthenshire, are connected with

these linear eruptions of trap, which here, as in Salop, Montgomery, Radnor and

Brecon, have determined the chief direction of the sedimentary masses through which

they penetrate.

The strata along the line of eruption near Castel cogan, are extensively fractured, and the asso-

ciated beds of the Silurian System (hard quartzose grits), are in some places not only vertical but

actually reversed, as in cases formerly pointed out, dipping 70° to the north-west, and covered by

the Old Red Sandstone, dipping 30° to 40° south. (See PL 34. f. 11.)

Mines.

The chief mining district in Caermarthenshire called Nant-y-moen, the property of Earl Cawdor,

is about seven miles north of Llandovery. It not being my intention to give the details of

this valuable mine, I will merely consider its chief relations to the rocks in which it is situated.

The strata between Llandovery and Nant-y-Moen belong to the Cambrian System, and consist

of dark, thinly foliated shale, enclosing, though very rarely, concretions of quartzose conglo-

merate, the true "greywacke" of the German miner. Rising abruptly in the midst of this

shale is a mural ridge of unbedded, and apparently in parts brecciated, grey quartz rock, penetrated

by many veins of white pure quartz. This ridge, called Cerrig mwyn, strikes from north-east to

south-west, and is therefore parallel to the leading direction of all the stratified deposits of this

region. On the immediate flanks of Cerrig mwyn, the shale is much indurated, and associated

with black and white grits, the whole of which are highly veined, whilst in receding on each flank

from the ridge, the black shale resumes its regular appearance.

All the mining ground now in use is situated in the north-western flank of this wall of quartz

rock. It is, therefore, very analogous to the Stiper Stones, p. 268.

When we consider how many ridges of eruptive trap have been pointed out, ranging precisely in

this direction, and that they have often been accompanied by such quartz rock, it is no strained hy-

pothesis to suppose, that Cerrig mwyn is also an altered rock, the trap which produced the change

being at no great depth beneath the surface. For without quitting Caermarthenshire, the descrip-

tion already given of the quartz rock of Cairn-goch, as resulting from the eruption of the trap

of Blaen dyffrin-garn, goes far to explain the phsenomena, for there the trap is only just discernible

in a small obscure boss, while the mass of altered rock forms a conspicuous overlying ridge.

There are three principal veins called the master, the red, and the comet. The two first range

more or less from north-east to south-west, parallel to the wall of quartz grit, and in this respect

they differ from most of the veins around the Salopian trap rocks. The third crosses obliquely, and

intersects the red vein. The master vein has been worked only at a high level, near the edge of the

protruding wall of quartz rock which flanks it. The other veins are wrought by lower levels driven

into the hill which slopes to a small brook, and none of these have yet reached within fifteen fathoms,

horizontally, of the edge of the parallel of Cerrig-mwyn. In the master vein, numerous strings of
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galena diverge from the chief mass, to the sides of the rider quartz rock ; and a rich bunch of ore

was worked out on its opposite or south-eastern face.

The red vein is further removed from the rider rock, and has its name from the lead being

coated with the hydrate of iron. At the spot where this vein was cut by the comet vein, the ore

thickened for a short distance to six feet, much exceeding the average width of this and the other

veins. Besides these principal veins there are several cross lodes.

In one part of the works the ore is found in apparently regular beds, forming thin laminae in a

true greywacke grit, composed of small pebbles of quartz and felspar, with a base of black slate.

These beds, some of which are metalliferous and others not, have an united thickness of forty to

fifty feet, and dip away from the rider rock or the north-west, at an angle of about 25°. Their

position is between the red and the comet veins 1
.

The levels enter the hill about 500 feet above the adjoining valley of the Towy, and the most

extensive are from 1000 to 1200 feet in length. These works are effectually drained by an adit,

whose mouth is a little above the rivulet at the base of the hill ; and from which is a constant flow

of ferruginous water.

Here, as in the country of Shelve, are remains considered to have been Roman mines, which,

having been placed upon the steepest side of the hill, and where the ore probably cropped out, were,

it is conceived, worked by water ? (See further observations below, on the Roman mines of Gogo-fau.)

It is quite evident that mines, situated like those of Nant-y-moen, where vertical shafts or steam-

engines are not required, the whole being drained by an adit, must always be of high value, and

accordingly I found the works in full activity in 1833, a period when, from the low price of lead,

so many mines had necessarily been abandoned.

The ore of Nant-y-moen is for the most part of excellent quality, the varieties called " potter's

ore" and "steel ore" being abundant, as well as "small ore," a mixture of the two former.

Roman Mines of Gogo-fau.

About ten miles west of Llandovery, on the right of the road to Llampeter, occurs

one of those elliptical, quartzose masses, so frequent in the "Cambrian System," of nearly

half a mile in length, trending from north-east to south-west like all the associated

strata. It is called Gogo-fau, or " the Caves," the hill being perforated in many direc-

tions by horizontal galleries, considered to have been the work of the Romans. That

these galleries were mines, there can be no doubt, since they follow precisely the course

of the veins. That they were the work of the Romans is certain ; for they have not

been used during the period of modern history, and the galleries are much too long,

wide, high and deep, to have been the work of the ancient Britons. This opinion has

been recently confirmed by Mr. Jones of Dolecothi, who has discovered the remains

of baths, medals, gold ornaments, implements, inscriptions, Roman tiles, &c, thus

1 This is one of the few examples in England of mineral veins putting on a stratified character, by running

for a certain distance parallel to the true beds of the matrix. Similar veins are seen on a great scale in the

lead mines of Bleiberg in Carinthia.

2 z 2
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proving that there was a considerable Roman station at the western foot of this hill
1

.

The antiquary may decipher these inscriptions, and attempt to inform us which of the

Caii left his patronymic to the adjacent village of Cynfil " Cayo" whilst the geologist

and miner are left to speculate on the probable cause, which led these adventurous and

indefatigable conquerors to perforate hills with magnificent galleries, some of which

are eight feet high.

The rock of Gogo-fau is a quartzose grit and sandstone, with very slight appearances of slaty

cleavage, and in parts exhibiting the rippled surfaces of bedding. The strike is from north-east to

south-west, and the beds dip for the most part to the north-west, as seen in the chief building

stone quarries of Clochty. Numerous veins of white crystallized quartz, containing abundantly

crystallized iron pyrites, traverse the beds both at right angles and obliquely to the strike, as re-

presented in this wood-cut.

a, a. Laminae of deposit. b, b. Quartz veins. The highly inclined lines mark the planes of slaty cleavage.

The largest of these veins have been followed, in some instances, to their termination. To these

galleries the Welsh assign various names, such as Ogor-hwch, or the Hog's cave
;
Ogof-fawr,

(large cave) ; Gogor-gowge, &c. The great extent of these excavations is attested by the enormous

mounds of white quartz or vein stone debris.

For what purpose these mines were wrought by so sagacious a people as the Romans

remains an unsolved problem. As no particles of lead or copper ore can be detected

in the mounds of refuse, and as the pyrites seemed to have been occasionally separated

from the quartz, it occurred to me that if in any degree auriferous, it might have been

quarried for the gold which it contained. On subjecting, however, some of this pyrites

to the examination of that excellent chemist, my lamented friend Dr. Turner, he was not

able to detect any trace of gold worthy of notice. Whatever the object may have been,

the number and extent of the galleries prove that it was pursued with perseverance, and

for a length of time. It is probable that the process of grinding the rock was resorted

to, for close to the piles of white quartz which have been deposited near the mouths of

the galleries, is a large hard block of stone, having on one of its faces, five circular

cavities of different sizes, which may have been used for pounding or grinding the mineral

1 The Earl of Cawdor first called my attention to this curious spot, to which I was conducted by Mr. Wil-

liams, of Llandovery. All the objects of antiquity found in the ruins of the ancient Roman baths, were sub-

mitted to my inspection by the proprietor, Mr. Jones, of Dolecothi. Mr. Hawkins of the British Museum,

having inspected the drawings which I brought away, informs me that one impression of a signet ring re-

presents a fawn holding a bunch of grapes, and the pedum or pastoral staff; and at his feet the bacchanalian

leopard. The other remains are chiefly red Roman earthen ware, bearing embossed patterns of foliage, ani-

mals, &c, with the names of the makers frequently impressed upon the centres of the different vessels.
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matter 1

. Moreover, there are distinct traces of an aqueduct by which the waters of the

Cothi were so conducted along its left bank from the higher grounds, as to pass near the

upper part of these mines, thus leading to the inference, that water works were in use.

While I regret my inability to solve the mineral problem satisfactorily, I would call

the attention of antiquaries to these and other works of art in Siluria and Wales, which

will amply repay them if explored with zeal.

1 The tradition of this neighbourhood is, that the adjacent church of the five saints, (Llan-plimp-sant) took

its name from this stone with the five depressions, and the following is the legend. Five saints travelling in

these parts were ovei'taken by a violent hail storm, when they placed their faces upon this stone, and were

miraculously saved, though the force of the storm was such that their heads were indented upon the hard rock,

leaving the cavities above described ; whilst still further to mark the extent of supernatural agency, the hail-

stones have remained for ever as mounds of broken quartz rock. As these quartz heaps must have been in

existence, and their origin even veiled in obscurity before such a fable could be propagated, this monkish device

of the dark ages proves, that the mines must have been wrought anterior to the introduction of Christianity

into this region, and favours therefore the belief, that the Romans were the real miners.



Stachpole Rock, from a drawing by Mrs. Murchison.

CHAPTER XXIX.

GEOLOGICAL STRUCTURE OF PEMBROKESHIRE.

Part I. Introduction.— Coal or Culm Measures.—Millstone Grit.— Carboni-

ferous Limestone.— Old Red Sandstone. (PI. 35. figs. 1, 2, 3, 4, 6, 6, 7,

8 and 9.)

Having traced the Silurian Rocks to the western horders of Caermarthenshire, I

propose to show the manner in which they are prolonged to the coast cliffs of Pem-

brokeshire. In the mean time, however, as this county contains all the formations from

the coal measures to the Cambrian Rocks inclusive, the present chapter is offered as a

synopsis of much that has been diffused through the previous pages, concerning some

of the overlying deposits, (p. 79 to 174).

Unlike the greater portion of the region examined, Pembrokeshire has received some

attention from geologists. The mineralogy of a part of the northern district was de-

scribed by Dr. Kidd 1

, and the geological structure of the southern was laid down, in the

year 1820, upon the Ordnance Map by Mr. De la Beche, and published with a memoir

in the Geological Transactions 3
. Although the general relations of the carboniferous

system (with one exception) were then pointed out, no attempt was made to establish

a succession of strata below the Old Red Sandstone. The whole northern district was

marked as " grauwacke," a name which, until recently, comprehended every rock

from the roofing slates to the beds immediately beneath the Old Red Sandstone ; and

1 Geol. Trans., vol. ii. p. 79. (Old Series.) 2 Geol. Trans., vol. ii. p. 1. (New Series.)
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a stronger proof cannot be given of the imperfect state of our knowledge of these lower

rocks, than the mere inspection of a map, beautifully diversified in other parts, yet in-

cluding under one colour, all those formations with subordinate limestones which con-

stitute the Silurian System, as well as a large portion of the rocks of the Cambrian

System. It may indeed be said, that "grauwacke" was at that time considered the

limit, on reaching which all stratigraphical and geological definition ceased
1

. It has

already been amply shown that this word should cease to be used in geological no-

menclature, and I shall in the following pages give further proofs that it is mineralogically

valueless, because rocks undistinguishable from the so-called greywacke (Silurian and

Cambrian) of this and other districts, occur both in the Old Red Sandstone and in

the Coal Measures.

Pembrokeshire, the extreme promontory of South Wales, washed on two sides by

the sea, and fissured on its southern face by the deep bay of Milford Haven and its ac-

cessary inlets, affords extraordinary facilities for the study of its mineral structure. If

divided by a line running from east to west along the centre of the county, we find the

stratified rocks to the north of that line composed of slates, grit and shales, forming a

large portion of the Cambrian System ; whilst to the south the older rocks are sur-

mounted by the Silurian System, the Old Red Sandstone, the carboniferous limestone

and coal measures. The county is further diversified by a vast number of outbursts of

trappean rocks which have exceedingly modified the surface and altered the structure

of the sedimentary deposits. An inspection of the transverse section from Fishguard

on the north, to Pennyholt Stack on the south, explains their general relations. (PI. 35.

f. i.)

Coal or Culm Measures.

The youngest sedimentary deposits of Pembroke consist of shale and sandstone, which

overlie the millstone grit and carboniferous or mountain limestone, and contain beds of

stone coal or culm.

Before, however, we enter on the details required to explain the structure of the culm

measures, it may be well to state that there is no geological difference between stone

coal or culm, and bituminous or common coal. They are in fact mere mineral varieties of

the same substance, which occur in formations accumulated at the same period. The
coal, indeed, of the greater part of the South Welsh basin is stone coal, anthracite or

culm, and yet there is no field in the world where the age of the deposit is more clearly

marked by natural sections.

In casting a glance over the map it will be perceived, that these carboniferous or

1 Whatever changes may have been effected in the accompanying, in comparison with pre-existing geological

maps of Pembrokeshire, I must at once acknowledge the great aid I derived from being in possession of the

previous labours of Mr. Greenough and Mr. De la Beche, whose maps in fact are able outlines, which I have

endeavoured to work up to the existing state of knowledge.
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culmiferous strata of Pembrokeshire are simply a prolongation of the southern limb

of the great South Welsh coal-field, which, extending from east to west, bisects the

county. Occupying at their eastern extremity the whole of Caermarthen Bay, they

appear in nearly an equal extent of coast cliff in St. Bride's Bay on the western, whilst

to the south of Haverfordwest, they are spread over a width of about three miles only.

In this range they are divided naturally into two parts by the north and south forks

of the great estuary of Milford Haven. To the east of the estuary, the coal strata

are regularly supported by girdles of millstone grit and carboniferous limestone, but to

the west the limestone rapidly thins out, being visible only for a short distance in broken

and disjointed patches.

To obtain, therefore, a clear idea of the succession of strata in descending order, the

observer must examine the eastern or more regular tract, for example, at Amroth, to

the east of Tenby, where the youngest formations are exposed in the cliffs, and pro-

ceeding northwards he will successively pass over, 1 . Beds of shale and sandstone with

culm. 2. Hard sandstone and grit unproductive of culm, a prolongation of the

millstone grit of Caermarthenshire. 3. Carboniferous or mountain limestone. 4. Old

Red Sandstone. 5. Silurian Rocks. 6. Cambrian Rocks. (See PI. 35. f. 4. and wood-

cut, No. 72, p. 375.) All these masses rise from beneath each other in regular succes-

sion, and thus confirm the order which has been established by so many natural sections

in other parts of England and Wales.

Culm at Landshipping.—In no place in Pembrokeshire are the culm-bearing strata arranged

with greater regularity than at Landshipping, on the east bank of the Cleddau, where they repose

upon unproductive shale and flagstone, which in descending order becomes gradually unproductive

of culm, the whole passing down into sandstone representing the millstone grit. This succession

is seen upon both banks of the river between Landshipping and Slebech, the transition from the

lowest and poorest culm seams to the hard flaglike beds without culm, being particularly well ex-

posed on the right bank, in the beautiful grounds of Picton Castle 1
, the strata dipping at slight

angles to the south. (PL 35. f. 3.) The overlying measures at Landshipping are very productive,

and have long been worked by regular shafts. The following is the descending order

:

Eastern Culm Tract.

Section of the Coal works at Landshipping.

Measures (shale, sandstone, &c.) 10 0 0 0

1 . Culm or tumbling vein 0 1 0 0

Fath. yds. ft. in. Fath. yds. ft. in.

...0 5 0 0

...0 0 2 0

Measures

Measures 7 0 0 0

2. Culm or rock vein 0 1 0 0

5 . Lower slate vein

Measures (chiefly sandstone) 5 0 0 0

Measures 5 0 0 0

3. Culm or slate vein 0 0 2 0

6. Culm or north vein

Measures (hlack rock and shale)

0 0 14

44 1 0 1

Measures (hard sandstone and shale) ... 12 0 0 0

4. Culm or flint vein 0 2 1 0 Dip 2 feet in 6, northerly.

1 The property of Sir Thomas Phillips, Bart., M.P.
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The culm in this pit is much broken, and the surfaces of the fissures are frequently coated with

mineral charcoal, but in other parts it presents its ordinary pure, clean, and polished fracture. It

is much used by maltsters. Plants common in other coal-fields occur not only in the shale but

may be detected in the culm itself.

Even in this comparatively regular portion of the field, faults are very numerous, some affecting

the strata to the extent of fifteen fathoms, and they are all upcasts to the north. (For the general

relations of these coal beds to the associated strata see PI. 35. f. 4.)

In the Fraisthorpe Colliery, on the west or opposite bank of the river, four beds only of coal

have been found, though the shafts are deeper than at Landshipping. It is, therefore, obviously

impracticable to ascertain correctly the general succession of productive coal beds by sections

made in any particular district.

At Amroth, for example, near the eastern extremity of the field, there is but one bed of workable

coal, varying from 6 inches to 1 foot in thickness, while on following the coast cliffs westward to

Tenby or the centre of the basin, the beds of coal multiply so rapidly, that at Wiseman's Bridge

there are seven, varying from 4 inches to 22 in thickness. At Saunder's-foot the three principal

. the following order :

Fath. yds . ft. in.

. .. 10 0 0 0

3 tn 4 ft.

0 0 0

1 to I1 ft.

0 0 0

5 ft.

The total depth of the shaft is 49 fathoms, and the dip nearly 45° southerly. This is one of the

spots where, the strata not being violently contorted, the coal is largely and profitably extracted
;

but in the coast cliffs between Wiseman's Bridge and Amroth, the curvatures and breaks are so

numerous, that although the outcrop is sometimes clearly exposed, the bed is persistent only a few

yards, being lost amid convulsions of the strata.

Although I have spoken of the eastern culm tract as the most regular, the expres-

sion must be understood to apply to the general structure of the district, including the

millstone grit and carboniferous limestone ; the beds of culm being for the most part

as much contorted as in the western tract, and to an extent, which those who have

studied only the coal measures of the North of England, or of the central counties,

cannot depicture to themselves. These phenomena are fully exhibited between Amroth

on the east and Tenby on the west. At the latter place, indeed, a dislocation by which

the lower part of the carbonaceous beds is brought into abrupt contact with the moun-

tain limestone, is beautifully displayed
1

.

Western Culm Tract. (PL 35. f. 7.)

The carboniferous strata are continuous from Caermarthen Bay and the east of Pem-
broke, by Freystrop and other places, to St. Bride's Bay on the west coast.

1 This fault is noticed by Mr. De la Beche. (Geol. Trans. N.S. vol. ii. p. 15.)

3 A



374 CULM MEASURES OF ST. BRIDE'S BAY

Now if any geologist was landed in St. Bride's Bay, and not having traced these

coal measures from situations where they lie in regular order of superposition, was sud-

denly required to determine the relations of the various strata presented to him (as

represented PI. 35. f. 7.), he might well draw the most erroneous conclusions concern-

ing the age of the culm beds, and pronounce them to be a part of what has hitherto

been called the greywacke series
1

.

Not only have these strata been dislocated and contorted in the highest degree, (much

exceeding the irregularities east of Tenby ;) but formations elsewhere separated by dif-

ferent deposits, are brought into juxtaposition. In the first place the carboniferous or

mountain limestone is totally wanting ; and the sandy strata, representing the millstone

grit, often thin out, as expressed in wood-cut 73, p. 375. In this case the culm

bearing beds repose at once and almost in conformable position on black schist of

the Lower Silurian Rocks, much resembling in mineral characters, the culm shale

;

while near Brawdy the culm field rests upon, and has the appearance of graduating into

the Cambrian System. (Wood-cut 74, p. 375.)

Now in both the last situations, there is so little appearance of wnconformability

between the culm strata and the Lower Silurian and Cambrian Rocks, and in many

respects so much the appearance of a passage downwards, that any one, unfurnished

with the key to solve such anomalies, might consider the culm strata to be part of

the Cambrian and Silurian Systems. (See wood-cuts on the next page.) Yet nothing

would be more erroneous than this conclusion ; such culm strata being in truth the

coal measures above the millstone grit, represented throughout the map by the letter g.

In the county of Pembroke, for example, we can walk upon the same beds, from the

district where they repose regularly upon the millstone grit (as represented in the

upper wood-cut,) till we find them in this western tract in the anomalous positions

expressed in the lower figures. (See Map.)

Such apparent anomalies are not, however, difficult of explanation, for geologists need

scarcely be told, that when the formations which usually support coal-fields are absent,

the lower carbonaceous strata, must of necessity resemble the rocks they rest upon, and

out of whose detritus they have been formed. This reasoning, indeed, applies to rocks

of all epochs, for numberless are the cases where strata, even of the tertiary age,

resting directly upon gneiss and other primary rocks, assume the lithological characters

1 These remarkable phenomena in Pembrokeshire first led me to suppose, that the views previously entertained

of the structure of Devon were erroneous, and the above sections were those which I communicated to

Professor Sedgwick, before we examined that county, with the view of determining whether the Devon culm

strata were, as was then contended, subordinate to the so called " grauwacke"; or whether they were, like those

of western Pembroke, of the age of the true coal measures, lying in an irregular trough upon various ancient

rocks, into which they sometimes appeared (though deceptively) to pass downwards. The results at which we

have arrived are now before the public. We had no hesitation in identifying the culm strata of Devon with

those of Pembrokeshire and other coal-fields, See Proceedings of the Geological Society, vol. ii. p. 556.
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of the oldest sedimentary deposits. The "arkose" of central France, where beds of

the tertiary epoch (Eocene of Lyell), have the aspect of the oldest secondary or

transition rocks, is an admirable illustration of this point
1

.

The three following diagrams represent the principal different positions in which

culm measures occur in Pembrokeshire.

S. Caermarthen Bay, East Pembroke. N. 72.

St. Bride's Bay, West Pembroke.

73. W.S.W. Nolton (W. Pembroke). E.N.E. S. Near Brawdy. N. 74.

(&, c % d wanting.) (c, d 8f e wanting.)

a. Culm Measures. b. Millstone Grit. c. Carboniferous Limestone. d. Old Red Sandstone.

e. Silurian Rocks. /. Cambrian Rocks.

I have already stated enough to show, that sections made in different parts of the

country will materially disagree in the order and succession of the culm bearing strata.

Let any one desirous of studying this fact only pace the strand at low water from Druson

Haven as a centre, and proceed southwards to Broad Haven and Little Haven, or north-

wards to Nolton and Newgale sands ; and he will see a series of breaks, curvatures,

thinnings out, and contortions, which cannot be exceeded even in imagination, and

ought to be a warning to those who would speculate heedlessly in culm works, amid

these convulsed strata.

Yet even in this neighbourhood there are spots, where the seams multiply and continue for short

distances, and have been worked to some profit. One of the most remarkable of these pro-

ductive tracts lies to the north of Nolton, where nine or ten beds (veins as they are here called) of

coal have been wrought.. The uppermost is in the coast cliff, whence it bends to the north-east

and south-east, and all the underlying seams, curling round conformably, rise in succession (about

2 ft. 4 in. in a fathom) and occupy the interior of the country between Simpson and Bathesland.

(These are marked on the Map.) The ends of several of these coal beds can be traced on the

sides of the Nolton Brook, whilst the underlying grits and flagstones emerge to the east of Nolton,

where they are in contact, as above stated, with Silurian shale. (See wood-cut above.) Through

the complaisance of Mr. Higgon, the chief proprietor of the coal mines of Nolton, who is beginning

to work some of them in a spirited manner, I obtained the following list of strata as proved by

various works.

i See the excellent work of M. Bertrand de Doue on the Puy en Velay; also Lyell and Murchison, "sur

le Cantal." Annales des Sciences Naturelles, tome 18, Octobre, 1829.

3 a 2
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ft. in.

a. Overlying sandstone and shale, thickness variable

1. Fourth back, a thin coal seam 1 6

b. Measures, consisting of flags, sandstone and shale

2. Cliff vein . 3 6

c. Measures.. .

3. Small coal vein 1 4

d. Hard sandstone and measures

4. Foot vein i 1 0

e. Measures of various sorts, 46 fathoms thick, separate the foot coal from the 4 foot as proved

by shafts (ascertained by working the foot and 4 foot veins in the same shaft)

5. Four foot vein — .... 4 0

/. Measures »

6. Little engine vein , - 2 0

g. Measures •

7. Green vein, ocasionally expanding to 8 and 9 feet, very irregular 2 0

h. Measures

8. Pit vein, irregular and lumpy, varying from 2 to 9 feet 2 0

i. Measures, including the headstone rock (sandstone)

9. Tom Rees's vein 1 6

j. Measures

10. Smith's coal vein 1 4

The produce of the " Smith's coal vein " is alone adequate to forging iron, and is the lowest seam

worked, though other thin and imperfect beds occur in the underlying flagstones and shale. All

these beds, to the north of Nolton, dip to the west or a little north and south of west, according to

the flexure to which the whole are subjected, as marked in the map. The coal seams, having a re-

gular sweep for nearly two miles, are cut off on the north by a great dislocation which throws the

coal strata into an arched position, transverse to the direction of those of Nolton. On the south

side of this dislocation the cliff vein No. 2, terminates in what the miners here call a i( slough,"

(see wood-cut p. 377-)j *• e -> ft 1S Den^ suddenly downwards, accompanied on each side by the usual

measures. The downward termination of this " slough " has never been ascertained, but if it were

worth the outlay to sink into it, the vertical position most probably would soon be found to bend

in some other direction, like many of the contorted strata of this coast.

Slashes of Culm.—Besides Si sloughs" there occur in Broadhaven and elsewhere, small but very

deep troughs of finely fractured culm, which are called "slashes." These (as far as my knowledge

goes) are peculiar to Pembrokeshire. In one of the principal of these "slashes" at Broadhaven,

belonging to Mr. Leach, there is no trace of bedding or of associated sandstone and flagstone,

but the miner after penetrating a little shale, works through a confused mass, made up entirely

of small fractured culm which has been proved in this spot to a depth of 16 to 17 fathoms.

The sides and bottom, as far as they have been examined, seem to show that the culm lies in a

trough, but a band of hard sandstone rising "en dome," runs through the middle of it. Again,

if we examine the coast sections between Broad Haven and Little Haven where the strata are

exceedingly contorted, we even find small patches of culm, often highly comminuted, occurring at

intervals between the convoluted beds.

In accounting for these extraordinary accumulations of broken coal we may un-

doubtedly refer their origin to the wreck of the regular seams ; and infer, that during
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the convulsions and contortions of the strata, cavities or " slashes " were here and there

produced, whilst the culm which fills them, naturally very frangible in its original state

of bedded coal, would be ground to small particles by the lateral pressure. These re-

lations are expressed in this wood-cut.

75.

a. Slash of finely triturated culm between contorted culminiferous strata. b. Slough, i. e. vertical beds of coal,

c. One of the innumerable faults of this coast. The slash (a) is supposed to be upon a line of violent fracture.

At whatever period formed, it is evident these " slashes " have been derived from

the wreck or breaking up of some of the regular coal seams, the ends of which are

usually to be met with in the proximity of these small basins. We may here remark,

that nothing can better convey a conception of the extent of force, employed in

fracturing masses after their consolidation, than the finely comminuted slate of the

coal, which from its frangible nature was shivered into small fragments, whilst the solid

ribs of rock were undergoing those terrific movements which left them in their present

contorted positions. The above wood-cut will convey some notion of the manner in

which the beds are thrown about in the adjoining coast cliffs.

Reverting to what I have already stated concerning the rocks on which the carboni-

ferous strata of Pembrokeshire repose, I refer my readers to the 5th and following

chapters, in which they will perceive, that like these, the Salopian coal measures

repose on rocks of all ages, from the mountain limestone to the Cambrian rocks in-

clusive. This collocation, which in Shropshire cannot lead us into error, has been

productive of confusion in those situations where the coal measures put on the litho-

logical characters of the older deposits, and at the same time rest directly upon them :

and if there is no striking want of conformity between these masses, their separation

becomes a subject of difficulty, to persons not habituated to such phenomena.

Thus, for example, to the east of Nolton, it would be difficult, as before remarked,

for the closest observer to define the boundary between the culm beds and the Lower

Silurian shale and sandstone, for there is a striking coincidence in the lithological aspect

of the two rocks, and very little apparent discrepancy in their position. It is only by

detecting here and there in the lower strata, a fossil which we know to be peculiar to

the Caradoc sandstone, &c, and observing in the upper beds, fragments of coal plants,

that we can convince ourselves of the separation.

In fact, the lowest strata of the culm measures of Pembroke consist of flaglike sand-

stones, alternating with dark grey beds of hard and soft shale. The latter, where not

micaceous, are to an unpractised eye, scarcely to be distinguished from many beds of

the Silurian System, but even in situations where their geological age cannot be as-
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certained by observing their order of superposition, we may, as I have already said, ge-

nerally assure ourselves of the real age of such beds, when we find them void of Silurian

organic remains, and still more easily, when we detect true coal plants in them. There

is also another test, which though it may be empirical and unsafe as applied to larger

tracts of country, is true as respects Pembrokeshire, viz., the much more abundant

presence of iron, both disseminated and in smaller impure concretions than is found in

the Silurian rocks. In this district, however, we have no need of such tests, for we can

safely determine the age of these strata by following them up to a well-defined base

line.

Thin coal seams, indeed, begin to appear even in these beds of Druson Haven, for-

merly called greywacke, and thence in the ascending order, culm is irregularly distri-

buted throughout a considerable thickness of sandstone and shale, most of the beds,

having after all, a very different lithological character from that of the Upper Silurian

Rocks.

The other case above alluded to, is where the culm measures appear to pass down-

wards into the Cambrian Rocks. This occurs about half a mile north of the little

stream which empties itself into the sea, by passing through the great shingle bank at

Newgale Bridge
1

. Viewing the cliffs from the shore, it is no easy matter to define where

the older strata cease and the younger begin, though on the one side of the depression

are the Old Cambrian Rocks which range to St. Davids, on the other the true coal

measures.

When the stratified masses of these two systems, which form the fringe of this bold

coast, are looked at from the sea, or from the strand at low water, an artist, indeed,

would naturally sketch them as lying conformably and dipping to the east of south at

angles of about 40°. A gross error, however, would be committed in assimilating them,

for on close examination the apparent conformity vanishes, and the mineral characters of

the two classes of deposit is also seen to be distinct. To the north, the beds consist of

purple, finely laminated, hard sandstone, like that of the Longmynd in Salop ; to the south

lies the millstone grit, consisting of grey sandstone, with some ferruginous matter and

iron-stone concretions, a part of the carboniferous strata which dips under the productive

culm strata of Newgale, Brawdy and Eweny. Further, the purple greywacke when

accurately observed, is not strictly conformable to the coal grits ; there being a percep-

tible discrepancy of strike (about 10° to 15°) between the one and the other, though they

both have so nearly the same inclination as to appear conformable. Now if this junc-

tion were not exposed in a bold sea cliff, where the faces of these rocks are completely

laid bare, how much might have been written upon conformability and passage ! and

what erroneous inductions might have been drawn from these fallacious appearances !

1 The actual point of junction in the shore is marked by a depression in the cliffs. A small dyke or boss of

trap is laid bare at low water, and partially alters and distorts the lowest of the carboniferous beds, which are

hardened and highly ferruginous.
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After all, however, though we are here presented with singular collocations, a geologist

previously well acquainted with Siluria and South Wales, would have no great difficulty

in marking the distinctions. In other parts round the northern lip of this coal tract,

where it extends inland to the north of Brawdy and by Roche Bridge, the dark coloured

culm measures being separated from the purple Cambrian rock, by a zone of uncon-

formable, light coloured sandstone and millstone grit, there is an increased facility in

drawing the boundary. The only real difficulty, therefore, in defining the exact de-

marcation occurs, as before stated, where the shale of the coal measures is directly in

contact with the shale of the Silurian System.

Amid the various dislocations to which these coal measures have been subjected,

there is no one more striking, than that which occurs along the escarpment of a thin and

broken zone of mountain limestone north of Johnston, where the strata of a coal-bear-

ing tract dip to the south, while the carboniferous limestone on the south, plunges also

in the same direction and therefore overlies the coal. Throughout the tract, indeed,

included between Johnston and Haverfordwest, the culm which is worked from the

natural outcrop to depths of seventeen fathoms, resembles that upon the coast in the

amount of disturbance, the broken and contorted masses being termed ''tumbling

hillocks." Small culm is the only produce, and of this there is one good seam which

is interstratified with flaglike shale overlaid by sandstone, grit and shale.

The phenomena of the inverted strata above described, is not confined to the west bank

of the Cleddau ; for on tracing these same culm measures on the east bank, we perceive

precisely the same line of disturbance extending by Langam Ferry, where the whole of

the productive culm measures lie in a reversed position, the younger rocks seeming

absolutely to underlie the older.

Phenomena precisely analogous have been previously spoken of in Montgomeryshire

(p. 309.), and similar examples will be hereafter pointed out in the Abberley Hills. In

Pembrokeshire, indeed, as in Worcestershire, we can account for the inversion by the

adjacent protrusion of volcanic rock, which has heaved the older strata into this unna-

tural position. Here also we have the advantage, of being able to follow the dislocated

strata till they fall into their regular order, the culm measures resting regularly on the

millstone grit and mountain limestone ; and thus the extent and nature of the inversion

are completely explained.

Before we take leave of the coal or culm-bearing measures of Pembroke, I may state

that a numerous collection of their fossil plants, chiefly procured through the exertions

of my valued friend, Mr. Leach of Milford Haven, has been examined by Professor

Lindley, who is of opinion, that all these plants occur in other coal fields. They con-

sist of various Lepidodendra and Calamites, most of which, from their fractured condition,

are indeterminable, together with the common coal plants Neuropteris gigantea, Peco-

pteris conchitica, P. nervosa, Sphenophyllum Schlotheimii, Stigmariajicoides, &c, &c. These

are abundant in the Salopian coal measures, which occupy the same place in the
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geological series as the Pembroke field, i.e. above the millstone grit and carboniferous

limestone. (See pp. 85, 103 and 116.
1

)

Millstone Grit.—Little need be said of this formation, for it is identical with beds of the same

age in Shropshire and other parts of South Wales, and contains no organic remains nor coal. In

eastern Pembroke, particularly in the Marros Mountain and adjoining lands, it is fully developed

and moderately inclined, passing upwards into the sandy, flaglike beds which form the bottom of

the culm-field, and downwards into the carboniferous limestones which represent the upper lime-

stone shale. It is seldom a conglomerate, being for the most part a hard, siliceous, whitish sand-

stone, graduating into grits both fine and coarse.

On the banks of the Cleddau, where the underlying limestone is very thin, the lowest beds of the

millstone grit consist of a very hard, thick-bedded chert, which caps the limestone at Haroldstone

Issels. The same rock appears on both banks at Langam Ferry, and is again found near Johnston

and on the edge of the Poorfield Common near Haverfordwest. It is the cleggir of the Pembroke

quarrier, a most intractable building stone but excellent for the roads. Where the limestone tapers

out, the cleggir is a good index of its position. This rock plunges under the great mass of

millstone grit which occupies the Poorfield Common to the west of Haverford. It is the upper

portion of that formation which, advancing to the coast at Haroldstone Nose, throws off on each

side (as before described) the lower and slightly productive beds of the culm measures 2
.

Carboniferous Limestone.

This formation dips beneath the millstone grit and forms a girdle round the great eastern district,

but thins out to small patches on the west. Whenever the limestone appears along the northern

edge of the coal-field, it dips to the south, at angles not exceeding 30° or 35°, and in the western

portion of the northern zone (in the quarries of Poorfield, Haroldstone Issels, Hampton and

Milling) it either abuts against or rests unconformably upon strata of the Silurian System. To in-

dicate the disjointed condition of the limestone in this part of its course, we may notice that at

Hampton near Usmaeston, on the left bank of the Haverford river, it rises in a dome with a very

slight inclination, whilst on the opposite bank at Haroldstone it is thrown off at 30° to 35° south, and

consequently the one mass is not in a continuous alignment with the other, but is projected consi-

derably to the south. Still less is the rock traceable as a persistent zone from Haroldstone to the

west of Maudlin Bridge (where it is seen for the last time beneath the millstone grit), but it merely

protrudes on that one point, the intermediate tract being occupied by the overlying grits of the coal

1 Several of the plants common to the Salopian and Pembroke coal fields are the most abundant species in

the culm measures of Devon. On this point Professor Lindley, after a re-examination of many specimens,

thus expresses himself :
" Respecting the Devon culm plants, I have still the same observation to make as be-

fore. I have looked them over carefully, and I do not see one single species which might not have been met

with at Newcastle, with the exception of two round compressed bean-like bodies, which, if of vegetable origin,

are unknown to me."

2 This is the tract marked in previous geological maps as consisting of greywacke, a mistake doubtless

caused by the lithological aspect of this millstone grit. (See Geol. Trans, vol. ii. pp. 10 & 20.) (PI. 2. f. 1.)
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measures. In no part of the course from Milling to Poorfield is the limestone more than 50 or 60

feet thick. The same slender dimensions mark its course where it appears for a short distance

on the south side of the western coal tract near Johnston, but here it is not only much contorted

in the proximity of the trap rock, but also presents, at the principal quarries near Craneham,

the deceptive appearance above alluded to, of overlying the strata of the adjacent coal-field.

Powerful faults run along its escarpment from west to east in this quarter, which crossing to the

eastward near Langam Ferry produce the anomalies and inversions first alluded to by Mr. De la

Beche and of which I have already spoken. Turning, however, from these slight exhibitions of

the limestone at its western extremities and following it around the eastern coal-field, we find it

gradually expanding in a continuous mass, till it occupies a width from a quarter of a mile to two

miles, invariably resting upon a zone of Old Red Sandstone and dipping inwards to support the

great mass of the coal-field. A narrow spur of this limestone proceeds from the main zone at

Carew and runs from east to west terminating in Pembroke Dock Yard. This spur reposes con-

formably on the Old Red Sandstone of Cosheston and Hobbs Point, being troughed between the

latter and the ridge of Old Red Sandstone to the south of it.

Pembroke Zone.

The town and castle of Pembroke stand upon another band of limestone extending from Lidstip

on the E.S.E., where it occupies the sea cliffs for several miles, extending from Giltar Point to

Skrinkle Bay to West Angle Bay on the W.N.W., where its width does not much exceed a quarter

of a mile. This range occupies a trough in the Old Red Sandstone, and by the rise of that formation

is entirely separated from the limestone which supports the great coal-field. This band of lime,

though not exhibiting relations to the superior deposits, affords good illustrations of the structure

of the lower members of the formation itself and of their connection with the upper portion of the

Old Red Sandstone. At the eastern extremity of Skrinkle Bay, these beds with the Old Red Sand-

stone are vertical, and a similar junction occurs in the Isle of Caldy.

I will not attempt to describe the numberless faults of this band of limestone, but call attention

simply to certain flexures not previously noticed in the eastern side of Angle Bay. The great

mass of the thick bedded limestone has here thinned out, being represented by only a narrow

band which subsides beneath the sands, but the black and flaglike sandy beds, alternating with thin

courses of limestone which constitute the lower limestone shale, are exhibited in two troughs, divided

by a ridge of Old Red Sandstone as seen in PI. 35. f. 1.

The lower limestone shale and sandstone appear for the last time in West Angle Bay, where they

form a single trough in the Old Red Sandstone, the shale and impure calcareous flags being best

displayed on the south side, whilst a mass of good limestone is worked upon the north.

3 B
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Stackpole range of Limestone.

t

76.

Coast Cliffs near Bullslaughter Bay, from a drawing by Mrs. Murchison.

In this tract the limestone occupies a greater space than in any other part of the

county, having an average width of three miles, from Castle Martin on the north, to the

precipitous coast cliffs on the south. Being flanked on three sides by the sea, the rock

is exposed continuously in these cliffs for about eleven miles, and at each extremity it is

in contact with the Old Red Sandstone.

There is no part of the coast of Great Britain where a longer continuous zone of the

carboniferous limestone is laid open, nor is it any where so much contorted as in this

promontory. The above vignette, and that at the head of the chapter, will serve to

convey some notion of the contortions and fractures
1

.

Though the cliffs seldom exceed a height of about 1 50 feet, yet as they are almost

everywhere abrupt, and as their base can be visited only by a very few rude paths, they

present a barrier as rugged and wild as any lover of bold scenery can wish to contem-

plate.

Some of the largest fissures by which the mass is broken up, run inland in parallel

directions from 15° east of south to 15° west of north, and consequently transverse to

the strike. They are seen in succession between the Saddle Head and other projec-

tions near St. Goven's Chapel, a hermit's cell, excavated in the face of the cliff, and

accessible only by flights of steps
2

.

1 The Countess of Cawdor was so obliging as to contribute a sketch of the cliffs near the Eligug Stack, a

remarkable insulated rock occupied by myriads of sea fowl, chiefly the Alca torda (Linn.), provincially termed

" Eligug." This sketch was missent, and I can now merely refer the reader to a coloured drawing of the same

scene in Ayton and Daniell's tour round the coasts of Great Britain. This drawing has been recently copied

by Leonhard in his work, Naturgeschichte der Erde, tab. 9. Stuttgart, 1836.

2 Saint Goven (or St. Gawin) inhabited a cell cut in the face of this steep and picturesque cliff. Among

his good deeds there is one which seems to connect his name with the geologist. His blessing conferred a

healing virtue on the red clay or shale, derived from the decomposition of the limestone, which forms a talus
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Besides these fissures, which are generally transverse to the main direction of the

strata, there are many arches and caverns, some of which can he well examined in

Bullslaughter Bay, also circular and elliptical funnels or swallow holes of considerable

depth, similar to those described in the carboniferous limestone of Caermarthenshire.

One of these, a short distance from the coast, not exceeding one hundred paces in

diameter, contains within it a grove of luxuriant bushes and even lofty trees, the tops

of which just reach the level of the bare calcareous platform on which no shrub can

lift its head in defiance of the south-western gales
1

. There are also several cauldron-

shaped cavities, to which the sea has access, one of the most curious, called Bosheston

Mere, being situated about one hundred paces from the sea cliff. This narrow funnel

communicates with the sea by one of the above-mentioned transverse fissures
2
.

Having previously alluded to the lower member of the carboniferous limestone under the name of

lower limestone shale, as brought out by undulations in East and West Angle bays, I may further

state that other natural sections expose those strata and conduct us regularly downwards to the Old

Red Sandstone. Thus in the coast cliffs, immediately to the east of Stackpole quay, such strata are

interposed, though in almost vertical positions, between the limestone and the Old Red Sandstone,

where in descending order they consist of

1. Thinly laminated black shale. 5. Shale repeated with calcareous concretions.

2. Ditto, with flattened nodules of calc spar and layers 6. Yellowish sandstone, with casts of shells and crinoidea.

of calcareous grit, &c. 7. Black shale and sandstone of greyish colour.

3. Thin bedded grey sandstone. 8. Red rab and sandstone (top of Old Red Sandstone).

4. Thick bedded, hard, purple, compact sandstone.

In this deep creek the strata are partially reversed, a phenomenon for which the observer may be

well prepared who has witnessed the contortions of the Stackpole promontory, but on following the

in a retiring angle of the cliff. The lame and blind pilgrims are still conveyed by their friends down the rude

steps chiselled by the holy man, and after being anointed with a poultice, formed of the moist clay, are left

there for several hours to bask under the summer's sun. The method of cure is similar to that effected by the

mud baths of Acqui and Abano in the north of Italy.

The sanctum of St. Goven, a cleft in the rock just large enough to contain one person, is also much fre-

quented as a "wishing place." The wisher is certain, before the end of a year, of obtaining his request, if he

repeats it thrice, each time turning himself round in the narrow nook ; but these and other miraculous stories,

connected with this wild spot, do not come within my province.

1 All the fine timber which ornaments the grounds of Stackpole Court, grows in combs or depressions, which

thus present most striking contrasts to the bluff and bare headlands of the coast.

2 In certain seasons, when a heavy surge sets in upon the shore, reports as loud as those of cannon issue

from it, accompanied by discharges of spouts of water, which rise to a height of 40 or 50 feet above the surface

of the ground. We may account for these phenomena by supposing, that when waves fill the innermost cavities,

the water cannot entirely escape from these deeply seated tanks before they are again inundated, and being

filled successively, they at length become surcharged, so that the water within being driven onwards by the

impulse of fresh waves, issues at the point of least resistance and is ejected from the small funnel with the im-

petus of a forcing pump. Some of the larger and more open fissures, communicating with embayed creeks,

resemble the Bullers (Boilers) of Buchan, Banffshire.

3 b 2
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coast eastwards, the beds of the same age are again exposed in Skrinkle Bay, where, though very

highly inclined, they repose on the Old Red Sandstone at an angle of 80°, and consequently decline

beneath the great mass of limestone, ranging in the cliffs to Tenby. A similar order is observable

in the interior of the south-eastern division of the county, along the escarpment of the limestone in

the parishes of Mynwer and Marros, where yellowish sandstone with casts of shells and crinoidal

impressions, immediately overlies and passes conformably into the Old Red Sandstone at angles of

30° to 35°.

In certain spots the limestone of the Stackpole coast is rich in fossils. It contains corals and

two or three species of very beautiful unpublished small trilobites, all differing specifically from

any which occur in the Silurian System.

In a collection presented to the Geological Society by the Earl of Cawdor, Professor Phillips and

Mr. J. de C Sowerby have recognised many species well known in the mountain limestone of

other tracts. The species have been already enumerated, p. 161. It is worthy of remark that a

portion of a Cidaris is among them, the Echinidce being of very rare occurrence in this forma-

tion 1
.

The lower limestone shale also contains fossils, and where they occur, the round impressions of

encrinite stems, on the surface of the thin beds of yellow sandstone, give to the rock very much the

rough external aspect of some strata of the Lower Silurian Rocks. I can, however, confidently

assert, from specimens collected by myself in Angle Bay and also near Stackpole, that none of the

organic remains found in these strata, which rest upon the Old Red Sandstone, agree in species with

those of the Silurian Rocks beneath it.

In concluding these remarks upon the carboniferous limestone of this coast, I cannot

avoid expressing my belief, that this rock constitutes the margin of a great coal-field,

which has either been destroyed, or may, iudeed, still exist in the area now occupied by

the Bristol Channel ; for however much the calcareous strata are contorted and broken,

their prevailing inclination is southwards ; i. e. they dip away from the Old Red Sand-

stone, and thus when viewed upon the great scale, they seem to form part of a vast

trough, other portions of which occur in the Worms Head and southern headlands of

the promontory of Gower, and also in the limestone cliffs on the eastern side of Swansea

Bay 2
.

Old Red System.

The Old Red Sandstone of Pembrokeshire, as included between the carboniferous

limestone and the Upper Silurian Rocks, differs in some details of lithological structure

from the great mass of the system described in other counties. 1st. The attempt to

subdivide it into precise formations (conglomerate and sandstone, cornstone, and tile-

1 A Cidaris has, however, been observed in the limestone of this age in Scotland. (See Ure's Ruther Glen,

PL 16. f. 7, 8. p. 318.

2 A singular patch of pipe-clay and gravel on the surface of the Stackpole promontory, pointed out to me

by Lord Cawdor, will be described in the concluding chapters on drift and alluvia, in which the blown sands and

submarine forests of this tract will be also considered, and Giraldus Cambrensis referred to.
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stone) cannot be sustained ; a fact naturally to be expected, when it has already been

shown that such distinctions are not maintained in the southern part of Caermarthenshire.

2nd. Although the rocks are for the most part of a red colour {red rab
1

), there are con-

siderable tracts where they consist of grey and sometimes of yellowish sandstone.

Near Tavern Spite, where it enters Pembrokeshire, the Old Red Sandstone is thrown out into a

promontory at Cynic, the escarpment of which, as it rests against the Silurian rocks, trends from

north-east to south-west, whilst the upper member of the same mass folds round to the south-east,

encircling and dipping under the carboniferous limestone and coal measures of Amroth and Tenby.

This mass of Old Red, taking an east and west direction and tapering away in its course to the

west, wedges out and disappears at the eastern end of Mynwer Wood, on the left bank of the river,

opposite to Slebech. This is the only large development of Old Red Sandstone which lies to the

north of the great coal-field. All the other districts occupied by this rock are to the south of

it ; either immediately underlying the coal bearing strata between Tiers Cross and Rosepool in the

western district, or accompanying and supporting the carboniferous limestone in long continuous

ridges. Examples have been already cited, where the overlying limestone passes down into this

formation, and we may now state, that the lower members graduate into and repose upon strata of

the Silurian System. (See PI. 35. f. 6.)

The upper part of the system which graduates into the lower limestone shale, as seen at Sawdorn

in East Angle Bay, consists of the ordinary, dull red, argillaceous shale, provincially termed " red

rab," alternating with courses of grey and greenish, flaglike sandstones. These are underlaid by
other beds of the red rab, containing subordinate thick strata of quartzose red conglomerate, the

pebbles being occasionally of the size of a man's fist. I have not observed these conglomerate beds

in many other parts of South Pembrokeshire, though they are here precisely in the same situation

in which they occur in parts of Monmouthshire and Gloucestershire, where they are separated from

the overlying limestone by courses of red and grey sandstone, shale, &c. (PI. 35. f. 1.)

In a section recently laid bare between Hobbs Point and the narrow spur of limestone of Pembroke
Dock, the upper members of the formation are composed of thin, flaglike, reddish, sandy shale, pass-

ing down into grey and purple, hard, micaceous sandstone, the ordinary dull red rab re-occurring at

intervals. A similar succession is observable in all the transverse sections from this Pembroke band
of limestone to the promontory of Cosheston, for though the prevailing sandstones are yellow, they
alternate with red rab under Cosheston Church and pass conformably under the carboniferous lime-

stone. The same peculiarities of colour may be equally seen in the northern district, south of Cold
Blow, where courses of yellow sandstone of considerable thickness alternate with red rab, but the
former so exceeds the latter in quantity, that the yellow colour prevails over the red, in a great breadth
of surface. In most of these cases, however, zones of red rock are interposed between the yellow
sandstone and the lower limestone shale.

These yellow and grey sandstones occupy a considerable area in other places ; as in the greater

part of the promontory of Cosheston, with the western bank of this part of the Milford estuary,

occupying Williamston Mountain and Burton parish. The sandstone is generally flaglike and
micaceous on the surface of the laminae, and sometimes contains green blotches of marl, and very
rarely a few fragments of carbonaceous matter. The beds are frequently of a foxy, yellow colour,

and decompose to a sandy, sterile soil, which as it exhibits very few traces of red rock, might lead

1 "Rab" is sandy shale.
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those who had not worked out the relations of the system to conclude, that these strata belonged

either to some lower portion of the unproductive coal-field or to the Silurian System 1
5 but close

examination has convinced me, that these beds are an integral portion of the system of Old Red Sand-

stone. 1st. They contain at intervals masses of true red rab which alternate with them until the

whole passes conformably into the lower limestone shale. 2nd. They are not only lithologically

distinct from any Silurian rocks but they never contain a trace of the organic remains so abundant

in that system. 3rd. They pass down into certain greenish grey, hard, flaglike, micaceous sandstone,

which has been shown to constitute the base of the Old Red Sandstone over large tracts in the Clyro

and Begwm Hills, Radnorshire, Herefordshire, &c. (p. 181.) 4th. Although such yellow sandstones

are uncommon in the Old Red Sandstone, their occurrence has been pointed out in other counties,

particularly at Prescot Bridge near Cleobury, Salop (see p. 174.), whilst some of the grey and flaglike

beds with fragments of plants are precisely similar to the strata near Bromyard, (see p. 177«)

The colour of the great mass of the formation in Pembrokeshire, particularly in the central and

lower portions, is red \ the rocks consisting of thick and thin-bedded red rab, with occasional

courses of good building sandstone. Strata sufficiently calcareous to represent cornstone are very

rare, though a few occur among the variegated red and green marls near Wollaston Cross, near

Pwll-y-crochan, south of Milford Haven 5 also in the mottled marly beds alternating with sandstone,

in the deep ravines between Narbeth and Tavern Spite, particularly in that of Cilrhiw 2
. One variety

of this concretionary rock consists of bluish green shale, with yellowish spots of calcareous matter,

which upon decomposing give it a cellular appearance. Few, perhaps none of these cornstones are

sufficiently calcareous to be burnt for lime.

Instructive sections of the lowest beds of the formation are visible in the deep and narrow combs

which furrow the great dome-shaped mass of Old Red Sandstone of the parish of Cynic (east of

Tavern Spite). In several of these, especially on the north side of the new road to Caermarthen, the

uppermost beds of the Silurian System crop out from beneath the Old Red Sandstone and define its

base precisely. Here, dull green and yellow, flaglike beds, alternate with red rab, and are succeeded by

mottled red and green, sandy, argillaceous strata, of concretionary structure, which even in the freshly

quarried faces present a honey-combed and rotten aspect, a variety of the Old Red Sandstone which

is almost peculiar to Pembrokeshire, and in conjunction with beds of quartzose conglomerate having

a greenish base, reappears frequently throughout the range of the formation to the westward. The

cavernous structure arises generally from the decomposition of the less tenacious concretions of

marl, though there are also cases of half concretionary, half conglomerate beds, from which quartz

pebbles fall out and contribute to give this aspect. Commencing at Pont-ar-llechau in Caermarthen-

shire, where such a structure was first noticed, the inferior members of the strata at intermediate

places have been observed frequently to contain hard quartzose conglomerate. A clear section of

this occurs in Canaston Wood south-west of Narbeth.

a. Thick-bedded, mottled and porous red rab, without mica.

I, Flags of greenish grey grit, faces covered with plates of white mica and traversed by veins of white quartz, passing into

c. Hard (greijwacke-]ike) grit, in parts almost a conglomerate of grey and greenish grey quartz pebbles, fragments of

slate and Silurian rocks. Beds one and a half to three feet thick with way-boards of yellowish green shale, in all twenty

feet thick. This stone, being the hardest in the neighbourhood, has been largely extracted in constructing the new roads.

d. Thick-bedded, cavernous, mottled, concretionary, red and green rab, in parts calcareous and resembling impure

cornstone. <?. Red rab, passing into

1 Formerly mapped as greywacke. 2 The residence of Mr. Baugh Allen.
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/. Argillaceous, thin-bedded, light-coloured sandstone, very slightly micaceous with a profusion of casts of fossils, of which

notice will be taken in treating of the Silurian rocks.

This section is quoted, to show the place of the lower conglomerate (c), which, although inter-

polated in the Old Red System, is perfectly undistinguishable from some of the oldest coarse grits

of the Cambrian System 3 for the description of the concretionary masses and beds of quartz grit

west of Llandovery, and extending thence to Rhayder in the heart of the old slaty rocks, might well

be substituted for this bed, either of them being perfect specimens of German " greywacke." This

circumstance is specially insisted upon, to demonstrate the absurdity of retaining this word in geo-

logical nomenclature 1
.

Conglomerates like this of Canaston Wood, occur in vast quantities upon the surface of the high

and sterile tract north-east of Tavern Spite, near the junction with the Silurian rocks. They are

also seen at Rushford, north of Hoton, where the Silurian rocks protrude, and again at several

points in the southern or Pembroke promontory. They are for the most part easily separated from

a much coarser and more angular, grey-coloured conglomerate, which occurs occasionally where
certain Silurian rocks have been protruded. The latter is not underlaid by a great thickness of red

shale or rab, like the true conglomerate of the Old Red, but forms a part of the fossiliferous strata

of the Silurian System. The other situations where the Old Red Sandstone may be observed in-

cumbent on the Silurian rocks, are in the coast cliffs of Freshwater East and Freshwater West,
and here again the two sorts of conglomerate occur, the one in the Silurian rocks along the line of

fault, the other in the Old Red. But the most instructive section of a complete passage from the

one system into the other is at Hook Point, the southern headland of Marloes Bay. (PI. 35. f. 10.

and p. 392.) Here the same honey-combed, sub-concretionary beds, with red rab and sandstone,

pass down into and alternate with grey beds, until they are fairly dovetailed into strata of unequi-

vocal Ludlow rock, the top of the Silurian System. The absence of conglomerates in these beds

of passage, in so complete a section as that of Marloes, harmonizing with the regular sequence of

the same beds near Tavern Spite, teaches, that the conglomerates must have resulted from partial

dislocations, and as some are seen within the Silurian System and others in the Old Red, they
indicate the occurrence of disturbances at different intervals. It is obvious, however, that such con-
glomerates may have been formed by ancient tides and currents. But in whatever manner accumu-
lated, whether by torrents, resulting from elevations and dislocation, or caused by diurnal action, it

is evident that the old conglomerates in question were purely local.

No organic remains have yet been detected in the Old Red Sandstone of Pembroke-
shire. This is perhaps to be expected, as it contains scarcely any of those beds of true

cornstone or calcareous flags in which the greater part of such remains, particularly the

fishes, are found. The absence of calcareous matter is, indeed, the great cause, why
some tracts of this red rab do not afford so warm and rich a soil as the mellow lands of

Herefordshire 9
.

1 If I were disposed to extend the application of these remarks, I might I believe assert that rock specimens,

which many mineralogists would term greywacke, may be found in every stage of the geological series, even
in the tertiary deposits. Geologists who have worked out the general relations of a country are of course

exempted from this remark.

3 Speaking of some of his red land, near Wollaston Green, a farmer observed to me, " it eats all the manure
and drinks all the water :" although this homely remark was very descriptive of the district in question, there
are wide tracts where the red rab decomposes to excellent land, perhaps the best in Pembrokeshire.
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The great ruptures in this formation are well displayed in the cliffs of Milford Haven.

To enumerate all these faults and breaks would be tedious if not impracticable. One

remark, however, is essential : the strata on the opposite sides of the estuary, either

where it is broad, or towards its upper extremities about Lawreny, where it narrows

to the width of a river, have never the same dip, being tilted in opposite or divergent

directions ; thus proving, that this magnificent, land-locked estuary, quite unparalleled

in Great Britain for the depth of its water and the security of its haven, was produced by

a violent rupture of the strata. (See arrows on the map indicating the dislocations.)

In the next chapter we shall consider the Silurian, Cambrian and Trap rocks of this

county, concluding with some general observations on the direction of the deposits.



STcomer Island, as seen from Wooltack Park, from a sketch by Mr. Francis Leach,

CHAPTER XXX.

PEMBROKESHIRE (continued).

Silurian System.—Divided into Upper and Lower Silurian Rocks, with full deve-

lopments of the Caradoc and Llandeilo formations.— Cambrian System and

Slaty Rocks.— Trap Rocks, bedded and amorphous.—Divergent lines of strike

explained by eruptive ridges of trap. (PI. 35. figs. 1, 4, 6, 10, 11, and 12.)

In the last chapter we have proceeded in regular descending order, from the surface

of the coal-measures, as being the youngest strata in Pembrokeshire, till we reached

those rocks which have been traced without interruption, from Shropshire to the western

borders of Caermarthenshire.

The order in which they are arranged, and the organic remains which they contain,

clearly mark the age of the Silurian rocks in this district. Their aspect, however, and

their relative proportions of sandstone, limestone and shale, vary so much from those

in the strata selected as types in Shropshire, that it is not often practicable to make

those distinctions which enabled us elsewhere to subdivide the system into formations.

Thus, though certain gray rocks with fossils, occupy the place of the Ludlow formation,

yet they are, for the most part, unlike the rock of Ludlow, being harder and more siliceous •

whilst in the absence of any subordinate course of limestone, like that of Aymestry, we

cannot attempt to separate the formation into upper and lower portions. In like manner,

though the place of the Wenlock limestone is clearly manifested in Marloes Bay, it is rarely

to be known by its lithological structure, being for the most part hard and slaty
;
though

3 c
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the principal coast section in which this system appears, affords us one example of

shale, in parts calcareous, containing the usual corals and some of the shells of this

formation. With such variations in the Upper Silurian Rocks, the Lower Silurian

possess, on the contrary, their usual mineral impress, and many characteristic fossils

;

the limestone of the age of that of Llandeilo, swelling into masses of even greater thick-

ness than in any previous part of its course. Under these circumstances, as it is not

always possible to define the course of each formation, I shall first describe the system,

as in Caermarthenshire, under the heads of Upper and Lower Silurian Rocks, in doing

which I shall indicate those points where the strata can be identified in greater detail.

Upper Silurian Rocks.

These rocks, though forming only slender bands, rise, as already stated, with distinctness on the

eastern borders of Pembrokeshire from beneath the Old Red Sandstone of Cyme and Tavern Spite.

The peculiar junction beds of the Old Red Sandstone, before described, are succeeded by thin-bedded,

finely laminated, argillaceous sandstone, sometimes ferruginous, and the laminse of separation occa-

sionally coated with black oxide of iron. They graduate downwards into other thin, grey, sandy

strata, some of which are flaglike and calcareous as at Parkau, between Tavern Spite and Llan-

dwror. These beds are not very fossiliferous, but I have detected the Calymene Blumenhachii and

Terebratula Navicula of the Ludlow formation. Though such relations of the Silurian rocks to the

Old Red Sandstone are observable to the east and south-east of Cyme, on the sides of both the old

and new road to St. Clears, the section in descending order is suddenly disconnected by a powerful

dislocation, ranging from south-west to north-east, along the north-western face of these elevated

tracts, whereby the relations of the Upper to the Lower Silurian Rocks are much obscured and

overlaid by detritus. This line of elevation, it will be observed, is at right angles to another which

passes along the valley of the Taaf.

The passage of the Old Red Sandstone into the Upper Silurian Rocks is again well seen at Nar-

beth. A transverse section from the edges of the Old Red Sandstone to the highly inclined Silurian

strata on which the castle is built, presents in descending order sandy, yellowish red grits with

a base of felspar, constituting the junction beds of the Old Red Sandstone, succeeded by dull

greenish and ferruginous, micaceous, soft, thin-bedded sandstone, passing into fragile, sandy, grey

flags with shale, and containing under the castle a few fossils (such as Calymene Blumenhachii,

Asaphus caudatus, Terebratula Navicula) . As the dip varies from 70° to 90°, a considerable

thickness of strata is represented in the short transverse section exposed on the sides of the road.

(See PI. 35. f. 4.)

To the westward of Narbeth the junction of the Silurian rocks and the Old Red Sandstone is so

obscured by dislocation and denudation, that it is impossible to determine precisely the age of each

underlying stratum which is successively brought into contact with the Old Red Sandstone. Thus

at Canaston Wood 1 the fossils contained in the Silurian Rock compel us to place it in the Caradoc

1 Among the fossils at Canaston wood are Productus sericeus, Orthis radians, Orthis aperturata, Orthis ele-

gantula, Dalm., Spirifer, n.s. All these species are found in Shropshire, Radnorshire, and Caermarthenshire, in

beds of true Caradoc sandstone.
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sandstone, whilst at Milling the Asaphus caudatus and other fossils would indicate that the shale

which abuts against the carboniferous limestone is of the age of that of Wenlock.

Let us now view these rocks as presented on the coast. In the southern or Pembroke promon-

tory they rise in highly inclined strata from beneath the Old Red Sandstone, appearing in the bay of

Freshwater east, whence they traverse to Freshwater west, thus at each extremity of the promontory

occupying a bay of about one mile in width. Another spur of these rocks is prolonged from Fresh-

water west along the valley of Castle-martin-gorse, to the pleasure grounds north of Stackpole Court,

where a fossiliferous sandstone subsides beneath the Old Red Sandstone. At Freshwater east, where

the relations are clear, the Old Red Sandstone is thrown up on both sides into so highly inclined

positions, that the Silurian rocks are better exposed. At the eastern side of this bay, the junction is

obscured by blown sands, and there is probably a fault, though some of the beds of Old Red Sand-

stone, consisting of yellow and greenish sandy flags with red way-boards, dip off 70° to the north,

the strike of the strata being 10° north of west. The inclination of the Silurian rocks increases to

the centre of the bay, where beds of sandstone charged with fossils rise out at the back of the hills

of loose sand in almost vertical positions, whilst in the western cove on the other side of the bay, in

approaching the contact with the Old Red Sandstone, beds of dull greenish grey sandstone with little

or no mica and with a few casts of fossils dip to the south-west at 45° or 50°.

From this spot the Earl of Cawdor procured the following remains,

—

Leptcena depressa ? (imper-

fect cast of) Leptcena rugosa, Spirifer (sharp plaited species), Atrypa twnida? Dalm., Cucullcea

Cawdori, N. S. The last named shell, being the first example of that genus found in a rock of so

high antiquity, I have named it after its discoverer. A small species of trilobite also occurs, and

it is essentially different from any form known in the carboniferous limestone. (See PI. 35. f. 12.)

The overlying beds consist of a grey conglomerate of coarse angular fragments of Silurian rocks

with rounded quartz pebbles, and plunge under the red sandstone.

This spot is the scene of faults, since the strike of the Silurian beds is 35° north of west and 35°

south of east, and that of the Old Red is 10° west of north with a dip to the west. The coarse

conglomerate in the Silurian rocks is not however confined to this locality, for it sweeps in a strong

band along the flanks of the Old Red Sandstone, passing by Thurtle Mill and Dry Barrows on the

west, and reappearing from beneath the blown sands of Newton Barrows, it runs out in strong ledges

in the northern side of the bay of Freshwater west. Similar relations of this coarse grey conglo-

merate are seen in the northern side of the valley of Castle-martin-gorse, near Corston House
and Stem Bridge, and it may, therefore, be recognised as marking the edge of the Silurian rocks

through this tract. Though we find traces of the Silurian rocks on each side of the bay of Fresh-

water west, similar to those mentioned at Freshwater east, exposed at low water and dipping to

the north and south at high angles beneath the Old Red Sandstone, the underlying beds which
once occupied the centre of this bay have been denuded.

The coarse conglomerate here mentioned, must not be mistaken for the conglomerate which in

Pembrokeshire, occurs in the lower division of the Old Red Sandstone, the pebbles in which are

smaller and more rounded, and its matrix similar to that of all the red sandstone conglomerates.

Nor are these Silurian conglomerates which rise up in narrow belts through the Old Red Sandstone

between Freshwater east and Freshwater west of great extent, for in the full development of the

Silurian System in Marloes Bay, which I now proceed to describe, there is no trace of them.

3 c2
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Marioes Bay. (See Map.)

The western shores of Broad Sound, of which Marloes Bay is a part, present a full

succession of all the rocks of the Silurian System, from their junction with the Old Red

Sandstone at Hook Point, to their passage into strata of the Cambrian System in the

extreme headlands of Wooltack Park and the Isle of Skomer. This transverse section

exposes the strata rising from beneath each other for not less than two miles, dipping

to the S.S.E. at an average angle of at least 45°. The thickness of the Silurian System

in this one spot is, therefore, very considerable, though it occupies so small a breadth

upon the map.

The above wood-cut represents the upper portion of this series, surmounted by the Old Red

Sandstone. The lower strata, associated with trap, appear in the vignette, p, 389.

Descending Section (Marloes Bay). (PI. 35. f. 10.)

Red and green rab or base of the Old Red Sandstone, alternating with grey sandstone, as seen at the end of the above

wood-cut and coloured section. (PI. 35. f. 10.)

1 . Dull greenish grey sandstone and schist, in parts argillaceous, very minutely micaceous, and not unlike the Upper

Ludlow Rock, except in being harder and thicker bedded, dip 35° S.S.E. It passes upwards into the red rab.

2. A succession of thin-bedded sandstones and shaly beds of various colours, some weathering to deep ochreous yellow,

others to white. They contain casts of fossils, including Crinoidea, &c. As these beds are on the whole much softer than

No. 1, they have been worn into a cove by the sea. They are in parts pyritous.

3. Hard, finely laminated, grey, slightly calcareous sandstone of considerable thickness, traversed by white veins of cry-

stallized carbonate of lime, with imperfect casts of trilobites and other fossils. In part a slight conglomerate appears, with

sandy courses, the edges of which are marked by protoxide of iron, which occurring in blotches somewhat resembles carbo-

naceous markings. Corals very abundant.

4. Hard thick-bedded grey sandstone with white quartz veins.

5. Calcareous sandstone and shale, with veins of white carbonate of lime, with many corals, particularly in the upper

parts. The beds dip about 65°, whilst the planes of slaty cleavage dip 85°. N.B. The cleavage planes are visible in the

schistose beds only, being imperceptible in the intervening strata of thick-bedded sandstone. (See wood-cut, note, p. 360.)

6. Beds 3 to 4 feet thick, more or less calcareous, with corals, imperfect casts of shells, tentaculites, and trilobites, pro-

bably heads of Calymene Blumenbachii.

7.
"

Bands of ferruginous thin-bedded sandstone, with beds of intervening shale; where the latter is worn out, the highly

inclined sandstones form the top of the cliff, and are called the " Three Chimnies." A slaty cleavage, oblique to the lines

of stratification, is impressed upon the mass, and a few quartz pebbles mark the laminse of deposit as they approach towards
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an irregular boss of trap rock which here rises into the cliff. This trap will be described in the sequel. In a few paces

beyond this intrusion the regular succession is renewed.

8. Dark grey shale with calcareous concretions, some of which pass into thin courses of grey limestone. On the surface

of these are many fossils belonging to the Wenlock limestone, including Terebratula affinis, Orlhis radians, Atrypa aspera,

Spirifer lineatus, S. radiatus, and a new species found at Dudley. Portions of Trilobites, Crinoidal stems, Orthoceratites

with remote joints, unnamed conical tubes occurring at Dudley, together with many of the Corals of this formation, and some

very peculiar organic bodies which will be described in subsequent chapters.

These fossils clearly prove, that the band No. 8 is the equivalent of the Wenlock limestone, and hence the overlying strata

from 1 to 7 inclusive must represent the Ludlow rocks, and although they are not charged with as many organic remains

as in Salop and other parts of their range, yet they here occupy a considerable zone.

The Wenlock shale with nodules and fossils, as exhibited in a little cove, is underlaid by other sandstones and shale

No. 9, which from their imbedded fossils belong to the Lower Silurian Rocks.

Such are the rocks representing the upper portion of the Silurian System in these

coast cliffs. They range inland across the promontory of Marloes.

Lower Silurian Rocks.

We cannot better commence the account of these rocks in Pembrokeshire than by

continuing the instructive section, in descending order, afforded by the cliffs of Marloes

Bay.

9. The strata which rise from beneath the grey shale with Wenlock corals, and occupying the coast at Marloes Mill,

consist of hard, thick-bedded, grey sandstone, with white quartz veins and shale, followed by other sandstones somewhat

calcareous, having on their surfaces ripple marks, and their mass is traversed by veins of white calcareous spar.

10. They pass downwards into sandy schists, which are abundantly charged with casts of the fossils characteristic of the

Caradoc sandstone, such as the well-known coral of May Hill and other places, with numberless circular impressions of the

ends of encrinital stems.

These beds, as well as those of the overlying Wenlock shale, are impressed with a

transverse slaty cleavage, which cuts through and so distorts the fossils, that fragments

of these rocks might be referred to strata of as high antiquity as the rocks of Snowdon.

Attention has been previously directed to similar changes in the lithological aspect of

rocks of this age near Caermarthen, and such examples, we repeat, ought to act as

powerful warnings against all attempts to identify the age of formations by their external

characters. To the west of Marloes Mill is a fault by which the Old Red Sandstone of

the Isle of Gateholm, with a small tongue of the same on the mainland, is brought into

contact with these Caradoc sandstones, thus

:

Isle of Gateholm. Stack. Horse's Neck. 79.

Marloes Bay.

a. Old Red Sandstone. b. Caradoc Sandstone with slaty Cleavage.
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The Caradoc sandstones range from this point all along the wild coast cliffs of Marloes Mire, rising in unbroken and

regular succession for upwards of a mile, the hardest beds sometimes forming headlands, as at the Rain Rock, and where

the sandy shale prevails being scooped into caves. The angle of inclination varies from 50° to 65°, the strike being W.S.W

and the dip S.S.E.

Slaty cleavage prevails more or less throughout this vast succession of strata, but is not per-

ceptible where the sandstone is thick-bedded. Innumerable joints occur in many of the masses,

and they seem to increase in number near points of violent dislocation, as near the great fault of

Gateholm Isle, where the dominant joints trend with the dip, ranging from 35° east of south to 35°

wrest of north, or transverse to the strike.

Llandeilo Flags. (No. 11 of Coast Section.)

The Caradoc sandstone seem to have its natural termination about a quarter of a mile to the east

of Wooltack Park, the most western promontory of the mainland, where it graduates down into

thinly laminated, blue and greenish schist and flagstone, containing some of the fossils found in

the lowest Silurian rocks. At this point the cliffs are so difficult to examine, that I could not de-

tect any well recognised tvilobites ; but in the creek of St. Bride's Bay, called Muscle-wick Mouth,

on the opposite side of the promontory, and dipping beneath the great mass of Silurian strata above

described, I had great satisfaction in discovering a considerable mass of true Llandeilo flags. They

are exposed for upwards of half a mile, in cliffs easy of access at only one or two spots. They can,

however, be descended by rugged paths, in one of which, called the Welchman's road, I found spe-

cimens of the Asaphus Buchii, A. Tyrannus, and a species of Trinucleus. The flags are of their

usual dark colour, but they are more sandy and less calcareous than in parts of the county through

which we shall presently trace them. They are indeed chiefly made up of black, finely laminated,

shivery schist, with occasional strings, veins, and concretions of black and white calcareous spar.

They dip about 35° to S.S.E., and thus plunge under the greater mass of the Silurian System of the

Marloes promontory. At this spot, the Llandeilo flags are penetrated and partially overflowed on

their western flank by porphyritic greenstone. On the north, where they are in contact with the

Old Red Sandstone, the thinly laminated beds become thick masses in which traces of bedding are

with difficulty observed, and altogether they are muck altered, indurated, and traversed by many

veins, so I had little doubt that trap rock, though not visible, lies at very little depth beneath. On

the south, indeed, the beds are abruptly cut off by the trap extending from Marloes by West Hook

to the Hays Point, which rock appeared to break through and overlap these beds, but I could not

descend the cliff at the point of intersection. As the relations of these Llandeilo flags of Muscle -

wick Mouth, to the Old Red Sandstone and the trap, are highly interesting, they are explained in a

separate diagram. (PI. 35. f. 11.) The whole of this mass of Llandeilo flag has a slaty cleavage,

inclined at angles of 70° to 80°, dipping in the same direction as the beds, and as the latter fold

over from verticality to angles of 35°, the planes of cleavage and the laminae have an apparent coin-

cidence at one point. (See further observations on this head towards the close of this chapter.)

Enough has now been said to show the existence in the coast cliffs of Marloes of a great suc-

cession of fossiliferous strata, among the lowest of which are flags containing the fossils of the

Llandeilo formation. Beds of sandstone, however, unquestionably older than these Llandeilo

flags, rise out in the furthest western rocky peninsula of the mainland called Wooltack Park. They

consist of hard quartzose grits and sandstones with a few impressions of encrinites, and they may

be considered, like those described near Llandeilo, as the true beds of passage into the Cambrian
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System, which rises in thick stratified masses both near the western extremity of the mainland, and

specially in succeeding lower shelves in the adjacent island of Skomer. (See Vignette, head of this

chapter, and PL 35. f. 10.) These rocks, however, are associated with much trap, which is some-

times arranged parallel to the strata, and at other times intrusive ; but of these we shall speak here-

after. Having described those parts of the coast at which the Silurian formations are exposed, I

may now recall attention to those tracts where the lower rocks of the system appear in the interior

of the county.

Caradoc Sandstone—inland course. Orlanton and Hoten Band.

This is a narrow band of Lower Silurian Rocks, less than half a mile in its greatest width, which

has been heaved through the Old Red Sandstone for upwards of three miles, from Orlanton on the

west, to the upper end of Spread Eagle Pill on the east. At Mallock Slate Mill, the beds are rotten

argillaceous sandstone, nearly vertical, containing Leptcena sericea, &c. At Hoten they are asso-

ciated with hard quartzose grits, plunging 45° south, and the band subsides beneath the Old Red

Sandstone in a point near Spread Eagle Pill. They are, however, for the most part, perishable,

shelly sandstones, with imperfect slaty cleavage, and contain among other fossils the well-known

Orthis bilobata, so abundant in all the rocks of this age from Shropshire and Montgomeryshire, to

the south-western extremity of this county.

Johnston Band.

Another insulated band of Caradoc sandstone, double the length and width of that of Hoten,

extends also from west to east to the south of Johnston, reaching from Romans Castle on the west

(where it is penetrated by trap rock) to a point near Dumpledale, between Rosemarket and Langam.

In the eastern part of its course this band is flanked on each side by ridges of trap, but on the whole

of its southern border, ranging by Tearson, Redstock, Harmeston,.and Hayston Mill, and also at its

north-eastern extremity, for a short space at Dumpledale, it is in contact with Old Red Sandstone.

In this band, among numberless impressions of encrinites and the fossils previously mentioned, I

found the Pentamerus Icevis, so characteristic of the upper portion of the Caradoc sandstone. The
prevailing inclination of these beds is to the south, but in the narrow zone, between the two ridges

of trap south of the Trooper's End, they are thrown in discordant directions, as seen in two small

combs above Nash Mill.

Haverfordwest Band.

The Caradoc sandstone is fully and clearly displayed in the cliffs on both banks of the river at

Haverfordwest, where it sometimes runs in vertical strata from east to west, and supports the

greater portion of the town, while in the western and southern suburbs it constitutes arched

promontories, one of which runs out with a south-westerly strike to the Maudlin Bridge, where,

dipping to the south-east, it abuts against the millstone grit of Poorfield. The rock is composed

of imperfect, argillaceous flagstone, with much shivery schist, passing occasionally into concretionary

masses. Courses of solid stone are rare, the most persistent masses ranging from the castle

of Haverford on the east to Sutton on the west. Among the fossils I observed Orthis bilobata,

O. grandis, Terebratula lacunosa (Schloth.), &c.
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These sandstones with much incoherent shale are traceable to the westward of Haverford, through

Sutton and Stember Commons, to the flanks of the Norton coal-field, near which they contain Tri-

nuclei, trilobites peculiar to the Lower Silurian Rocks. To the eastward they pass to the north of

Narbeth by Arnol's Hill and Robeston Wathen, from which point they become much attenuated and

give way to a great expansion of Llandeilo flags.

The great dislocations which have taken place along the southern frontier of the Silurian System,

in its course from Narbeth to Haverfordwest, have been already alluded to ; and it has been shown,

that although the uppermost Silurian rocks are exposed at Narbeth, yet at most of the intermediate

places upon this line, there are such breaks in the succession, that the strata of the age of the

Caradoc sandstone, carboniferous limestone, and Old Red Sandstone are brought into contact.

These dislocations seem to have increased in intensity in that great elbow into which they have

been thrown to the north-east of Narbeth. (See Map.) Instead of a well-developed zone to mark

the Upper Silurian Rocks, like that which has been pointed out in other places, we there find the

break has been so powerful, that not only can we observe no traces of the rocks which are so largely

exposed within three or four miles, forming a passage into the Old Red Sandstone, but the latter

is thrown off in a great dome-shaped mass, flanked on the north-west by a very slender band of

grey sandstone and shale, which alone separates it from the Llandeilo flags. (PI. 35. f. 6.) This is

most clearly seen in crossing from Cirihiw by the Land Mill, or in any parallel traverse from the

old red of Cynic and the hills north of Tavern Spite to the parish of Llampeter Felfrey ;
and, al-

though, for the most part, the line of junction between the Old Red and Silurian Systems is obscured

by vast accumulations of detritus, in several spots are indications of faults, producing unconform-

able positions of the strata. One of the faults, passing to the north of Cirihiw by Land Farm, has

a direction from 10° north of west to 10° south of east, whilst another, traceable from Pen-a-bac by

Cwm-coaly, trends from north-east to south-west.

We may presume that the hard quartzose and flaglike grits, quarried at Middleway, and ranging

thence by Pen-y-graig to the woods above the Taaf, form a portion of the Caradoc sandstone,

since they greatly resemble those of Llandwror in the adjacent part of Caermarthenshire, and

occupy the same place in the series. These, being upon a line of great dislocation, are arched,

snapped off, and in one part being thrown over, they dip north-west at an angle of 60°.

Llandeilo Flags and Limestone-—inland course.

The fullest development of the Llandeilo flags in Pembrokeshire, and the largest

masses of limestone associated with them, are displayed in the parishes of Llampeter

Felfrey and Llandewi Felfrey. The formation is there nearly three miles wide, occupy-

ing two tracts, of undulating fertile hills, separated by a brook, which flowing from

south-west to north. east, falls into the Taaf near Pont-loyria. The subordinate lime-

stone is similar to that of Clog-y-frain in Caermarthenshire (p. 358.), from which it is

separated by a denuded tract from three to four miles in breadth, through which the

Taaf winds, and in the centre of which is the village of Eglwysfair. This valley of

elevation marks powerful dislocations corresponding to the great fault by which the

Cynic promontory of Old Red Sandstone has been projected to the north-east, for by

inspecting the map it will be seen, that as the limestone of Clog-y-frain trends from
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north-west to south-east, the same rock when it reappears at the Ffron and Llandewi

ridge, strikes at a right angle to its former direction, viz. from north-east to south-west,

whilst the ridges of Llampeter Felfrey run from east to west. These converging direc-

tions soon render the two ridges confluent, so that when viewed on the map they appear

like the prongs of a fork. Their union takes place to the north of Croynwydd and

Narbeth, whence the calcareous strata in their further prolongation, conform to the

westerly direction of the rocks in the central part of Pembrokeshire.

The upper portion of these Llandeilo flags at the Land Mill near Cilrhiw, consists of vertical beds

of sandy flags with calcareous courses, the mineral characters agreeing precisely with those in the

upper beds at Golden Grove near Llandeilo, and the fossils are also identical, namely, Orthis canalis,

with corals, and abundance of fragments of trilobites, including the Trinucleus Bigshii and the

large Asaphus Buchii. These beds alternate, first with thin bands of black limestone, and are finally

succeeded near Llampeter, by large, undulating, calcareous masses, dipping both to the north and

south. It is remarkable, however, that the chief inclination is to the north, as seen in the great lime-

stone quarries near Llampeter village. The limestone, dipping 35° to 40° north, is quarried through

a thickness of 60 to *]0 feet in beds both thick and thin. It is of the usual dark colour, traversed

by white veins, has few or no way-boards, and is largely extracted for burning to lime. In the pro-

longation of these strata through the fertile farm of Langwathan and the valley of the White Mill

stream, and also between Llampeter and the southern frontier, the characteristic fossils, including a

profusion of the Asaphus Buchii and A. tyra?inus, may be collected. In the loftier subsidiary ridges

of Pen-gaer and the Ffron, north of Llandewi Felfrey, these flagstones also contain, at intervals,

thick expansions of limestone sufficiently good to be burnt. Here also the dip is generally reversed

and unconformable, for as these hills trend from north-east to south-west, the most prominent

escarpments face to the south-east, as under Pengaer. On the whole, however, they may be de-

scribed as undulating or dome-shaped masses, since upon their north-western confines, the older

rocks plunge under them, dipping to the south and south-east. They sometimes expose the beds

of passage upwards into the Caradoc sandstone, as in nearly horizontal strata at Pen-biowin, a mile

and a half north of Narbeth, and at the Ffron, where the calcareous beds are again almost horizontal.

Here, though occasionally burnt for lime, they are usually extracted for road and coping-stones.

In the principal quarries, the backs of the beds expose a succession of small swallow holes or arched

cavities, a feature not often observed in limestone of this age. Fossils are abundant, particularly

the Orthis canalis, and corals. At Whitley, north-east of Narbeth, where the calcareous ridges of

Llandewi and Llampeter unite ; the old quarries expose violently contorted strata, dipping both to

the north and south, and appearing to rise from beneath the younger formations. From this point

in their course to the westward, the Llandeilo flags become gradually less important, for the lime-

stones thin out and the fossils disappear. Their southern frontier or upper member is, however,

clearly defined, about half a mile north of Robeston Wathen, where beds of black limestone, two,

three, and five feet thick, alternate with dark grey shale, and passing upwards into sandy flags, dip

at an angle of 40° under the Caradoc sandstone before mentioned. Fossils at this spot are plen-

tiful, particularly a singular serpuline body, and a new species of coral.

We here perceive that the calcareous matter is thinning out, showing a tendency to run into

concretions ; and in following the direction of the strata we lose, for a time, all traces of it. The

limestone, however, again emerges directly in the western prolongation of these beds at Sholeshook,

3 D
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about a mile north of Haverfordwest, where on the right bank of the river it was formerly quarried

for burning. It is there a bulging concretionary mass, much less pure than at Llampeter and Llan-

dewi, and rises in an arch from beneath the Caradoc sandstone of Prendergast and Haverford.

Fossils are apparently much scarcer, though I perceived fine specimens of corals. To the west of

Sholeshook we lose all distinct traces of the Llandeilo flags, as marked either by fossils or limestone;

but the black schists occasionally passing into flagstones, which are continuous from that place by

Crow Hill, Red Hill, and Cutty Bridge, most probably indicate the course of the formation, since at

Camrose we again meet with a black limestone, which, though apparently void of organic remains,

agrees exactly in mineral characters with the Llandeilo limestone of other parts. Here the whole of

the Silurian System gradually bends round from a westerly, to almost a northerly direction, in which

strike the calcareous flags and limestones of Camrose dip 40° west, and may, therefore, be supposed

to pass beneath the sandy incoherent schist and sandstone, which represent the overlying members

of the Lower Silurian Rocks. This gradual attenuation of calcareous matter to the westward in

the inland range of the Llandeilo flags, precisely accords with the features in the sea cliffs of St.

Bride's Bay, where the formation is seen for the last time containing the true organic remains, but

very little lime, (see p. 394.)

Cambrian System.

A tolerably precise base line of the Lower Silurian Rocks may be drawn along the

northern flank of the above-mentioned Llandeilo formation, as defined by the cal-

careous flags and limestone with associated fossils. The next inferior strata, like a

large portion of those in Caermarthenshire, are, however, with difficulty separable by

their mineral aspect from the overlying beds of the Silurian System, except where cer-

tain bands of encrinital sandstone occur similar to those described, (pp. 394 and 395.)

a. The upper beds consist of a vast development of black shivery schist, generally void of hard stone

bands, with no traces of lime, and with scarcely a vestige of organic remains. In some districts they

form more naturally the base of the Silurian System, into which they graduate, but in Caermarthen-

shire they also pass into true roofing slates \ it is therefore preferable to consider them the beds of

passage between the two systems. To the north of the escarpment they dip under and pass up into

well recognised Llandeilo flags through the medium of certain beds of grey and brown grit, similar

to those on the north-western face of Grongar Hill, Caermarthenshire. Owing to their slight and

variable inclination, these schistose beds in Pembrokeshire occupy a wide zone between the true

Silurian System on the south and the hard Cambrian rocks on the north, but owing to their

perishable nature they have been much denuded. Rising to little altitude, and weathering to a stiff

clay, they present a cold, barren, agricultural surface, strongly contrasted with the adjacent fertile

tracts occupied by the Llandeilo flags. These schists are nowhere exposed in the coast of St. Bride's

Bay, being cut off by the trap which ranges from Castle Rock to Trafgarn, and overlapped still further

to the west by the coal measures of Newgale Sands and Brawdy.

b. The shivery schists are succeeded on the north by courses of hard sandstone, grit, and thick

flagstone, all of which agree, more or less, mineralogically with the term "greywacke." Examples

of this rock occur at Parkstone quarry, eight miles north of Haverfordwest, where there are hard

intractable grits and sandstones, of light grey colour, made up of fragments of quartz, trap, slate,
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and other rocks, with much felspar in the base. These beds dip 40° north, vdiile at Trifleton quar-

ries, courses of dark grey, hard, flaglike grits dip 25° south-east, being thrown off the southern

flanks of the Trafgarn trap ridge. Similar flagstones are worked at Bwdloi and other places along

this line.

c. The next practicable division in the Cambrian rocks of Pembrokeshire, consists of hard, dark,

purple, grey, and green, close-grained sandstones, with a partially slaty cleavage, and perfectly re-

sembling the rocks of the Longmynd and Linley Hills, Salop 1

, and of the Lammermuir hills in

Scotland. They are displayed in a long range of sea-coast between Brawdy and the north end of

Newgale Sands, where they have been mentioned as environing and abutting against the coal mea-

sures and extending thence to St. David's, where they pass into still older slaty rocks. Excellent

examples of these party-coloured, finely laminated, hard sandstones are also exposed in the cliffs of

Skomer, and will be mentioned in describing the trap rocks of that island.

d. The oldest rock in Pembrokeshire is the schist, which rises from beneath the purple and grey

sandstones of St. David's, and constitutes those great masses which, having a more decided slaty

structure than the strata just described, are worked at intervals for roofing slates. With this

schist are associated many courses of hard sandstone passing almost into quartz rock, and tra-

versed by numberless veins of pure quartz, giving to this tract a much more siliceous character,

than is possessed by any previously described.

Slaty Rocks.

In the southern end of Whitesand Bay near St. David's, the cliffs expose a succession

of hard, dark grey and light green, slaty sandstones, which strike from 10° to 15° north

of west. These beds are cut through obliquely, from north-east to south-west, by planes

of slaty cleavage (in perfect accordance with the prevailing strike of the slates through

Wales), and dip 65° to 70° to the north-west.

At the northern side of the bay, and not half a mile distant, are vertical beds, dif-

fering little from the preceding in composition, but without slaty cleavage transverse

to the laminse of deposit. In some of these are large veins of white quartz, the strata

undulating with a prevailing strike of E.N.E. To these succeed (in vertical cliffs

150 feet high) masses of slate, which were formerly extracted for roofing purposes 2
.

In this instance, the planes of cleavage and stratification are apparently one and the

same, the latter being marked by the succession of mineral layers of different colours,

frequently separated by very thin laminae of iron pyrites, and the slates are obtained by

splitting the stone along these lines of bedding.

It is, however, well worthy of remark, that these highly inclined beds rise in the

form of flagstones, presenting, when very closely examined, slightly uneven surfaces,

1 See p. 255 et seq.

2 Since the memoir upon Pembrokeshire was read before the Geological Society, Professor Sedgwick and

myself visited the county together. On this last occasion I was called away by a severe domestic misfortune,

before I could re-examine Northern Pembroke, so that the portion of the map relating to that tract, has been

much improved by my friend's labours alone.

3 d 2



400 SLATY CLEAVAGE AND LAMIN/E OF BEDS COINCIDENT.

whilst the finer planes between their courses of original deposit, split in lines precisely

and mathematically parallel, as if they had resulted from a crystalline action, subsequent

to the deposition of the sediment.

In the above-mentioned quarries, where the lines of stratification are coincident with

those of slaty cleavage, the phenomenon is represented in the upper wood-cut, while

the discrepancy between cleavage and stratification, as is usually the case, appears in

the lower.

80.

Cleavage and beds coincident.

81.

Cleavage and beds divergent.

It does not appear to me, that in the cases of coincidence, the term flagstone can be

applied to pure and good roofing slate, merely because the cleavage is not oblique to the

lines of bedding.

It is indeed manifest, as first suggested by Mr. Lonsdale, (after the memoir 1 on this

subject had been read before the Geological Society) that there must be coincidences be-

tween the lines of cleavage and stratification, where the former maintain a fixed position

and direction, and the latter undulate in broad curves, as represented in this wood-cut.

82.

Diagram explaining how in undulatory strata, the cleavage and laminse of deposit must occasionally coincide. The darker

portions of the mass are those where the coincidence occurs.

Examples of both phenomena may be seen in the same range of slate quarries at

Panti-philip, a few miles south of Fishguard.

» Proceedings of the Geological Society, vol. ii. p. 226 et seg. and Phil. Mag. vol. viii. p. 564.
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Again, in the principal range of the slate rocks constituting the Precelly Mountain,

where the greatest quantity of the best slate is obtained, there are occasional coincidences

of cleavage lines and laminae of deposit. The same phenomenon has since, indeed, been

observed by Professor Sedgwick, both in this range, and also along the line of coast cliff

on the sides of Abereiddy Bay, where, if there had been any doubts upon the question,

they would have been entirely dispelled, as fossil bodies (Graptolites) , occur upon the

lines of slaty cleavage, which are thereby proved to be coincident with true layers of

deposit.

Thus, this important modification of the principle of slaty cleavage, which I pointed

out to the Geological Society in 1835, has received the full and entire sanction of Pro-

fessor Sedgwick. The above-mentioned cases are, however, to be distinctly under-

stood as marked exceptions to the prevailing phenomena in Wales.

The chief objects which I had in view in examining North Pembroke were, 1st. The

succession of the strata between the Silurian System and roofing slates of Precelly.

2ndly. The direction in which the principal masses were prolonged to the sea-coast.

The former has been explained ; to the latter point, after a short description of the trap

rocks, I shall specially invite attention.

On the Trap Rocks of Pembrokeshire.

Pembrokeshire offers many examples of the two classes of trap rock which have been

described in other tracts, viz. stratified masses alternating with sedimentary deposits,

and amorphous masses which have burst through the strata. The former or stratified

traps are, however, nowhere seen in association with the Silurian rocks, as in Salop and

Radnor, but are confined to the Cambrian or older system. In the rugged and arid

headlands north-west of Fishguard, noted in modern times for the landing of a small

French force, linear parallel ridges of trap occupy a very large portion of the tract,

rising in gnarled bosses through altered sandstone and slate. They strike from north-

east to south-west along the craggy summits of Gaer-fawr and terminate in St. David's

Head.

Among these older trap rocks are thick-bedded coarse felspathic conglomerates, containing frag-

ments of schist and slate, which range from north-east to south-west in allinement with the other

ridges of amorphous trap. Some, however, of the more prominent of these parallel ridges, between
St. David's and the headlands north-west of Fishguard, appear rather to belong to the class of in-

trusive trap, and they generally inclose between them, highly altered greywacke and slaty rocks.

They consist of greenstones of several varieties, passing into porphyritic greenstone and porphyry,

together with much compact felspar rock ("corneen"). It is, however, difficult to define all these

masses in such a manner as to separate those which are of formation contemporaneous with the

slates from those which have been subsequently intruded.

The mineral composition of the rocks near St. David's has been somewhat minutely described
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by Dr. Kidd (Geol. Trans., Old Series, vol. ii. p. 79.)> and they have also been alluded to by Mr. De
la Beche. Among them, however, is a variety which appears to have escaped the notice of these

authors. It is a highly crystalline, large-grained greenstone, made up of albite, mixed with minute

dark crystals of chromate of iron. The rock also contains some quartz and the oxides of iron and

of chrome, and an earthy mineral substance which may be decomposed augite 1
. The compact

felspar rocks are frequently coloured green by a diffusion of epidote or chlorite.

Some remarkable examples of the most completely altered rocks, such as flinty schist passing

into flint, are in the stony ridges to the west of Goodie Sands. Most of the irregular masses of

trap along the north side of St. Bride's Bay, between St. David's and the coal-field, have been

mapped and described by Mr. De la Beche, who has also marked trap rocks as occupying the Island

of Ramsey with most of the adjacent islets (Bishop and his Clerks, &c.) 2
.

One of the most striking of the trap ridges of Pembrokeshire is that of Trafgarn, which trends

from Roche Castle near the coast, in a zig-zag form and a north-easterly direction to Trafgarn,

where it bifurcates and is continued to the north-east in two great bands, which terminate in Wallis

Common and the rugged tors of Ambleston. At Roche Castle and at Trafgarn the rock is a mass

of compact felspar, quite undistinguishable from that of the Wrekin and many rocks previously de-

scribed. At Ambleston it becomes a porphyry and porphyritic greenstone, &c. The intrusion of

this rock has produced a powerful effect upon the adjacent strata, particularly on those masses

inclosed between the forks of trap in the gorge of the river at Trafgarn, where the red and green

sandstones are converted into a brittle, siliceous substance, resembling the ribbon-jasper of mi-

neralogists. It is largely used as a wall and building stone. Though offering no traces of true

bedding, the compact felspar of Trafgarn is divided into rude prisms by two sets of planes or

vertical and horizontal joints, giving rise to square-topped masses like ruins, which stand out in

bold contrast to the prevailing outline of the county, somewhat like the serrated quartz rocks of the

Stiper Stones in Salop. This range of trap, as well as a thinner band of porphyry, lying to the

north of it and crossing the river at Scillyham, appear to be intrusive ; and rocks of the same

character re-occur at various points along the higher slaty chain, even to the eastern extremity of

Precelly. Without dwelling, however, upon this north-eastern district, to which I gave compara-

tively little attention, let us now consider the trap rocks to the south of Haverfordwest, where

they are intimately associated with the Silurian and younger stratified deposits,—the special objects

of my research3 .

1 It is upon the authority of Professor Miller of Cambridge, who examined the specimens, that this minera-

logical statement is made.

2 Since that author wrote, small veins of copper have been observed in the altered rocks near Solfach, adja-

cent to certain trap rocks. There are also two copper veins running across the promontory of Pen-maen near

St. David's, from S.S.E. to N.N.W., and these are flanked on the east by a most remarkable quartz vein, twelve

yards thick.

3 In reference to the points and lines of trap between Precelly and Newport, it is by no means contended

that North Pembroke is so accurately worked out, that future observers may not add much to our knowledge.

Through great portions of this tract the alternations of trap are so very frequent, that it is almost imprac-

ticable to lay them down upon a map of the scale which I have adopted.
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Ridges of Johnston and Benton Castle.

These masses of trap are both of intrusive character. They were previously thought to be con-

tinuous from the hills north of Johnston to Benton Castle, but they are in fact separated by a band

of Silurian rocks. As a continuous mass, the trap of the Johnston ridge has a length of about six

miles, from Nash to Tier's Cross, cutting from east and by south to west and by north, through the

carboniferous strata on its northern flank, and throwing off the Lower Silurian Rocks to the south.

Though rising to the highest land in this division of the county (Bolton Beacon), this trap ridge is

nowhere diversified with rocky tors like those of Trafgarn and the northern parts of Pembrokeshire,

but forms round-backed sloping hills, a feature chiefly due to the disintegrating nature of the rock.

Thus at Nash and Clarisson the greenstone weathers to yellow incoherent sand and gravel, which

in some cases are cut through to a considerable depth before the body of hard rock is reached. At

Johnston, the greenstone is so quartzose, that by some geologists it has been called syenite, and at

Bolton Beacon it passes into true greenstone and porphyritic greenstone. The line of eruption is

marked at intervals to the west of Bolton Beacon, as at Walwin's Castle (where there is a dyke of

compact felspar), till it reappears in great force in the sea cliffs of Gouldtrop road, where Mr. De
la Beche has described it as a large and fine-grained greenstone passing into syenite. He further

points out that although this rock does not differ in mineral composition from those associated

with much older strata, yet that it traverses equally Old Red Sandstone and coal measures, the

latter being bent back at the points of contact, and one large fragment of the carboniferous limestone

being actually twisted into the mass of trap. Hence he justly inferred, that it was impracticable to

draw geological distinctions between the then so-called greywacke or transition trap and the rocks

of similar composition which burst through the younger strata. I have previously alluded to a spur

or dyke of this rock which, to the north of Newgale sands, disturbs the coal measures and the Cam-
brian System ; and in Marloes Bay the Silurian rocks have been subject to a similar intrusion.

South-west of the Johnston jidge, at the farm-house of Roman's Castle, a small insulated point of

trap bursts up through the Lower Silurian Rocks, throwing off altered and contorted strata; and

directly to the west of this dyke, a similar rock protrudes through the Old Red Sandstone near Little

Hasguard.

Benton Castle Trap.

This mass has a length of nearly four miles from Benton Castle to a point north-west of Rose-
market. It ranges from W.N.W. to E.S.E. In Rosemarket Common it is a sort of trap tuf,

enveloping fragments of quartz and hornstone ; and this rock, passing into compact felspar, pro-
trudes through altered Silurian sandstone between Rosemarket and Waterless, These feJspar rocks,

graduating into porphyry, occupy the high grounds of Hearston Common and run out to a narrow
point on which Benton Castle stands, on the right bank of the Haverford river, where they throw off

unequivocal Old Red Sandstone on the north, and are flanked on the south by a very narrow stripe

of decomposing yellow shale and sand, which in the absence of fossils it is difficult to refer. This
zone of trap does not strictly terminate at Benton Castle, but crosses the river, protruding into and
dislocating the Old Red Sandstone, and enveloping fragments of that rock. In its final appearance
in the cliffs it is a conglomerate tuf, like that at the other extremity near Rosemarket, but in this

instance the included quartz pebbles predominate so very much over the felspathic base, that in
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hand specimens it could not be distinguished from many sedimentary rocks. It performs, however,

most clearly the part of an intrusive rock, since it has not only flowed in one part in bulging irre-

gular streams over dislocated and angular portions of sandstone, but also throws up other strata of

sandstone into a vertical position, which in contact with the trap conglomerate are almost in the

state of quartz rock as represented in this wood-cut.

83.

Fault.

a. Old Red Sandstone. a*. Altered Old Red. b. Trap conglomerate.

The direction impressed upon the associated strata by the eruption of this band of trap, is well

exposed in the cliffs, a few yards south of the trappean conglomerate, the Old Red Sandstone having

a strike from E.S.E. to W.N.W.
The surface or agricultural character of these ridges of trap of Johnston and Benton Castle con-

sists for the most part of absorbent, sandy soils, and where the greenstone is much decomposed,

they resemble those sandy and gritty tracts in France derived from what Dolomieu termed " Granite

pourri."

Trap of Skomer Island and Marloes.

No part of Pembrokeshire, which fell under my notice, offers such clear examples ofboth

the stratified and unstratified trap rocks, as the Island of Skomer and the adjacent pro-

montories of the mainland, which form the western end of Broad Sound. When viewed

from a distance, the outline of Skomer is most remarkable, presenting a number of steps

or ledges, which unlike the prevailing forms of trap are not horizontal, but inclined at

angles of 35° and 40° to the S.S.E., thus appearing to dip in conformable stratification

beneath the Silurian System of Marloes Bay. (See vignettes, p. 389 and 392 \)

When closely inspected, these stratified masses are found to consist of purely crystalline green-

stone, dark green, granular felspar rock, and felspar breccia or conglomerate, which alternate

conformably in thick, parallel masses, with regularly stratified, purple, green, and yellow sandstone

and schist of the Upper Cambrian System. Such alternations are displayed in North, South, and

Wick Havens, in each of which the powerful currents of the sea, which set in at these extreme

points, have worn the softer portions of the rock into coves, the only spots along the rugged coasts

of the island where a boat can land. The stratified masses of greenstone and felspar conglomerate

are so numerous, and alternate so equably and frequently with sandstone and schist, that I con-

sider they must have been evolved at intervals from volcanic fissures at the bottom of the sea, during

the accumulation of the sand, pebbles, and mud, with which they are associated, and into which

there are occasionally such close passages, that it is most difficult to say where the trap rock termi-

nates. For further description of similar contemporaneous trap rocks, and for explanations of the

mode in which they have been formed beneath the sea, the reader is referred to chapters 5, 19, 22,

1 Both these wood-cuts are taken from sketches by Mr. Francis Leach.
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23 and 26. These stratified masses of trap and greywacke are usually rent by faults and fissures, in

the proximity of the large amorphous masses of unstratified and amorphous trap.

The intrusive trap cuts in vertical dykes through the bedded trap and sandstone, and rising into

the chief hills of the north-west of Skomer, also protrudes in irregular masses south of North

Haven, in Midland Isle, and both sides of Jack's Sound. Occupying the extremities of the mainland,

called the Hay's Point, Tufker Rock, and the Anvil, the same amorphous trap ranges along the coast

to the east by Hook Farm to Marloes Village, occupying two or three low tors within the promon-

tory. These rocks, which in this vicinity cut through all the deposits, from the Cambrian to the

Old Red System, including the Silurian strata, consist of highly crystalline greenstone of various

characters, some slightly porphyritic, and of compact felspar rock in great abundance, the latter

(as near the Hay's Point) being occasionally coated over with films of serpentine. This trap not

only contorts and dislocates the sandstone and schist with which it is in contact, but, as in num-
berless other cases, converts the former into granular quartz rock, of which a good example may
be seen at Martin's Haven. In this tract, while the stratified and alternating trap strikes from

E.N.E. to W.S.W., in conformity with the direction of the Cambrian and Silurian Systems ; the

intrusive trap bursts out at irregular points, traversing the above obliquely, or from east and by

south, to west and by north.

This is clearly exemplified in the ridge of porphyritic greenstone, extending from

Marloes to Martin's Haven • and even where this rock appears in small or detached

points, it is accompanied by similar phenomena. The most striking example, perhaps,

is where the. little boss before alluded to, p. 393, juts through the Upper Silurian

Rocks in Marloes Bay, as represented in this wood-cut. (See Map.)

The Three Chimnies.

84.

a. Strata of Sandstone, Shale. a*. Strata of Sandstone, Shale, altered in contact with Trap.

b. Greenstone and Amygdaloid, &c. b*. Trap Conglomerate.

The trap is there a crystalline greenstone, passing into a purple amygdaloid, with

kernels of green earth and veins of epidote, in a base of compact felspar. On the south

side, it graduates into an amorphous trap conglomerate, having a matrix of compact
felspar with included pebbles of quartz, some as large as a child's head. This mass
bulges out under twisted and altered strata of sandstone, whilst the chief body of the

crystalline trap, rises nearly to the top of the cliff (here about 150 feet high) and partially

overflows the ends of the beds, which are bent back and contorted, their strike being

changed from that of W.S.W. E.N.E. , which prevails throughout Marloes Bay, to west

and by north, east and by south.

We thus see, that in South Pembroke, whether at Benton Castle or in Marloes Bay,

3 E
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where trap dislocates the strata, the points of intrusion are accompanied by conglomerates

and altered rocks, both resulting, doubtless, from great disturbance of the pre-existing

formations.

These facts, particularly those which indicate the change of direction of the strata,

naturally lead us to consider the epochs when the eruptions took place.

Conflicting directions of the strata in Pembrokeshire caused by divergent eruptions

of Trap.

No geologist can examine Pembrokeshire without perceiving, that its stratified masses

are the theatre of two great divergent lines of strike. One of these, proceeding from

north-east to south-west, with slight variations towards the east and west, is the same

which has been followed from Shropshire and Montgomeryshire to the sea cliffs of St.

David's. The other, trending from east and by south, to west and by north, maintains its

direction through South Pembroke, with the exception pointed out in Marloes Bay and

Skomer Island. An inspection of the map indicates the extent of country affected by

these divergent strikes. The first was impressed upon the strata during the accumu-

lation of the Cambrian and Silurian Systems, and the causes which gave rise to it,

continued in operation during the deposit of some of the subsequent formations. The

second was the result of violent movements which took place suddenly, and posterior

to the solidification of the carboniferous system.

These inferences are fully substantiated by facts. In North Pembroke we have cited

many examples of parallel bands of trap interstratified with the beds of sediment, showing

that igneous agency was in activity during long periods ; while ridges of intrusive trap

have heen pointed out in that district, which have burst through the same strata at a

later date, but upon the same parallels. In short, these two classes of volcanic matter

in North Pembroke, whether contemporaneous or posterior, have been emitted upon

lines trending from north-east to south-west, or E.N.E. and W.S.W. Such results are

precisely analogous to phenomena which have been described in Salop, Montgomery,

and Radnor ; and there can be no doubt, therefore, that not only the bedded trap, but

also the amorphous masses in the slates of North Pembroke (such as Trafgarn, Caer-

ningley, &c.) were erupted anterior to the accumulation of the carboniferous system,

and upon pre-existing habitual lines of eruption.

In Shropshire it has been shown, that volcanic eruptions from north-east to south-

west were again in activity after the formation of the Carboniferous and New Red

Systems. Not so, however, in Pembrokeshire. Here, on the contrary, the carbo-

niferous rocks have a direction from east and by south, to west and by north, thus

forming an angle of at least 45° with the average axis of the older rocks. As the north-
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east and south-west direction of the latter is abundantly explained by the linear and

parallel masses of trap ; so is the carboniferous axis of South Pembroke satisfactorily

accounted for, by the trappean ridges extending from Benton Castle on the east and

by south to Talbenny Cliffs on the west and by north. Thus, in both these tracts

the divergences of direction of the strata are distinctly referable to separate linear

eruptions.

Volcanic or eruptive forces, sufficient to determine the east and by south, and west

and by north allinement of South Pembroke, could not have taken place in a large

mass of matter, most if not all of which had previously a north-east and south-west

direction, without subjecting it to prodigious rents and dislocations. Many of these

fractures have been pointed out in describing Caermarthenshire, where it has been

shown, that Silurian and slaty rocks, previously consolidated, have been snapped across

by subsequent movements, which, wrenching them from their original direction, have

thrown them into the axis of the Glamorganshire coal basin : but none of the fractures

coincident with that axis, either in Glamorganshire or in Pembrokeshire, are accompa-

nied by outbursts of volcanic matter. It is therefore highly satisfactory, in following

the strata so affected into Pembrokeshire, to find them pierced by trap ridges, having

precisely the same course as the major axis of the South Welsh coal-field.

The interference of two such lines of elevation also explains the contortions and breaks

of the carboniferous strata ; since it is evident, that shale, sandstone, and limestone,

when compressed between these lines of powerful movement, must have been subjected

to extraordinary contortion and dislocation ; while the seams of frangible anthracite

would be so shivered into numberless small fragments, as to form the slashes of culm

which are characteristic of Pembrokeshire.

A thorough examination of this region may well excite deep interest, not only in

bringing to light the numberless proofs of the violent disturbance resulting from the

interference of this great east and west movement with the ancient direction of the

strata, but also in showing over how great a breadth of surface its effects extended.

Thus, besides the zone specially affected in the southern part of Caermarthen and Pem-

broke, the width of which is from eleven to fifteen miles, the east and west strike has

been also impressed upon the strata, at intervals, very far to the north, extending along

the boundary between Pembrokeshire and Cardiganshire. Examples of it have been

cited in the slaty rocks of St. David's, Scillyham, and Abereiddy. Another striking

case is south of a spot called Felindre, where the Nevern stream descends from the

Precelly ridge to the valley of Newport. The strata on its west bank, have the prevailing

strike of the region from north-east to south-west, and parallel to the great trap ridge

of Caerningly, while on the east bank, the same strata are broken off, ranging east and

west
1

. Similar oscillations between these conflicting directions, are seen as far north

The dislocation at Felindre was observed by Professor Sedgwick.

3 e 2
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as Newcastle Emlyn, the river Cothi running in similar breaks of the strata, some of

which strike east and west j but these are rare exceptions to the prevalent south-westerly

direction of that slaty region. (See Map.)

Let those who are incredulous as to the intensity of the forces employed in pro-

ducing the disruption and contortion of the ancient strata, examine for themselves the

tract between the valley of the Towy on the east, and the coast cliffs of Pembrokeshire

on the west, and I have little doubt that, whatever may have been their preconceived

theory, they will come away convinced, that such phenomena could have resulted only,

from action of much greater power than any which has been in operation during the

historic asra.

To what extent the evidences here adduced may sustain some of the views of M. Elie

de Beaumont, in respect to the age of these directions, will be considered, when all the

phenomena bearing upon this subject in other tracts (Hereford, Worcester, Stafford,

Gloucester, &c.) have been described. I will then endeavour to generalize the appli-

cation of these data, though in the meantime I may observe, that the east and west

strike of South Pembroke is not a mere local phenomenon ; since it forms the major

axis of the South Welsh coal basin, and the tract affected by it is nearly one hundred

miles in length. (See Map.)



North Hill. Worcestershire Beacon. Herefordshire Beacon.

Part of the Malvern Hills as seen on their western flank, from a sketch by Mrs. Murchison.

CHAPTER XXXI.

MALVERN AND ABBERLEY HILLS.

Silurian System in Worcestershire and the Eastern part of Herefordshire. Syenite

and other Trap Rocks of the Malvern and Abberley Hills, and dislocations of

the Silurian System along their flanks. (PI. 36, figs. 1 to 8.)

Course and Characters of the Silurian Rocks on the Eastern side of Herefordshire.

IT has been stated that the Old Red Sandstone of Herefordshire was deposited in a

trough. To establish this position I proceed to show, that rocks similar to those on

which it rests in Shropshire, West Hereford, and South Wales, rise from beneath the

eastern side of the chief mass of Old Red Sandstone.

The Silurian rocks, though occupying a narrower zone than in Shropshire, constitute

an almost continuous band from the northern end of the Abberley Hills to the southern

end of the Malverns, a distance of nearly twenty-four miles, and though the strata

are dislocated, and even, through a course of four miles, reversed, yet they maintain a

prevalent inclination to the west, dipping beneath the Old Red Sandstone. Emerging

through these Silurian deposits, and forming a buttress on their eastern flank, are certain

igneous rocks, which in the Abberley Hills protrude only at intervals through the dis-

located strata, but in the Malvern Hills constitute a narrow ridge of syenite, rising
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to some height above the Silurian deposits as represented in the above vignette. The

altered characters and dislocations of the strata, produced on the sides of these trappean

hills, will be noticed, after the nature of the intruding rocks has been described ; ob-

servation being first restricted to the nature and range of the sedimentary deposits of

the Silurian System.

Ludlow Rocks in the Abberley Hills. (PL 36, figs. 1 to 4 inclusive.)

Ludlow Rocks in the Abberley Hills.—This upper formation of the Silurian System occupies

about one mile of the ridge immediately to the east of the village of Abberley, marked Abberley

Hill on the ordnance map. It is cut off upon the south by intrusive rocks, which, forming a knot

of still higher elevation, extend about three quarters of a mile to the west, encircling and over-

hanging the village of Abberley on the one side, and receding from the Hundred House on the

other. Beyond, and to the west of this trap, the Ludlow formation is thrown off in very contorted

and dislocated masses, constituting a headland which advances into the coal field of Abberley and

Pensax. From the western side however, of Abberley Lodge, the formation rises into a distinct

mural ridge striking S. 10° W. along the western side of Woodbury Hill ; to the south of which

it takes a direction a few degrees east of south to Hill End near Martley, the beds disappearing at

Kingswood Common. Thence to the gorge where the Teme is deflected through this band, the

Ludlow rocks are no longer traceable, older Silurian deposits forming the narrow ridge which

separate the Old Red Sandstone on the west, from the New Red on the east. Throughout its course

on the western slopes of the Abberley Hills, the Ludlow formation offers, on a small scale, the same

triple subdivision as in Shropshire. The upper part, or true Ludlow rock, is the same argillaceous

thin- bedded sandstone, containing the gigantic Serpuloides ? longissima, Leptcena lata, Cypricar-

dia amygdalina, and other characteristic fossils.

The Aymestry limestone, or central member of the Ludlow formation, is also well defined, and

in parts nearly as thick, but never so pure as in Shropshire. Although it has been burnt for

lime from the crest of the ridge east of Abberley ; the rock is now only extracted for the roads, the

adjacent limestone of the Wenlock formation being of very superior quality. The fossils of this

rock are nearly all the same which are found in it in Shropshire, with the exception of the Penta-

merus Knightii, which I have not detected. The large Lingula Lewisii is perhaps the most striking

of the organic remains, often retaining, in great perfection, its thin shelly matter. The lower

Ludlow rock is also recognised by containing many of the same organic remains as in Shropshire.

(See List.)

From the decomposing nature of the sandstone and shale beds, they are locally called " Mud
Stone/' in contradistinction to the hard trappean rocks which occasionally protrude, and are termed

" Jew Stone," as in the Clee Hills. The total thickness of the Ludlow formation in the Abberley

range does not exceed 300 feet.

Ludloiu Rocks of the Malvern Hills.

The Ludlow formation is clearly displayed in a number of low and generally wooded eminences,

on the western flanks of the Malvern Hills, from which it is separated, in some parts, by the
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Wenlock limestone, in others by a third ridge formed by the Caradoc sandstone. (See vignette.)

With the exception of certain breaks and flexures, for a knowledge of which the map must be con-

sulted, the Ludlow formation ranges from north to south, passing from Suckley Hill by Berrow Mill,

Hales End, Hill Houses, High Grove to Mathon Lodge, on the western side of which it is thrown

by undulations into two parallel ridges. (PI. 36. f. 7-) Thence by Brockhill Copse to Evendine Street,

it occupies only one zone. At Chance's Pitch and Dawes Castle, it is deflected from the Malvern

chain, and is split into three parallel lines, having a strike from N.N.W. to S.S.E. : the hills ex-

tending from Combe Hill to Dogberry Pools, north of Ledbury, mark the outermost of these lines.

At Ledbury (a point of dislocation and great flexure), the formation is suddenly twisted from the direc-

tion of the Wenlock limestone which there takes its place, being changed from N.E. and S.W., to N.

and S. Throughout their course on the western side of the Malvern Hills, these Ludlow rocks

preserve all their Salopian mineral distinctions, and nearly all the fossils, (see p. 197 et seq.), with

the exception of the Pentamerus Knightii, which is wanting in the central or calcareous part, re-

presenting the Aymestry limestone. The quarries at Langley Green, Hale's End Wood, Evendine

Street, Chance's Pitch, are perhaps the best localities for fossils
;

particularly that of Hale's End,

where the equivalent of the Aymestry limestone is very well displayed. The upper Ludlow rock re-

peatedly passes at various degrees of inclination beneath the Old Red Sandstone, and the lower

Ludlow shale or mudstone is as uniformly incumbent on the Wenlock limestone. In general, the

upper Ludlow rock is better developed than the lower, particularly along the edge of the Old Red
Sandstone, but the latter is equally well exhibited at certain points, (Evendine Street, in the deep

lanes and water-courses between Brockhill and Colwall Coppices). As in Salop and West Hereford,

the upper rock, including the calcareous band representing the Aymestry limestone, is a harder

stone, and hence it constitutes the ridges, whilst the lower, a true mudstone, has been scooped into

longitudinal valleys parallel to the ridges. (PI. 36. figs. 6, 7 & 8.) In the shale beds which pass

down into the Wenlock limestone, we find occasional concretions of impure limestone 1
.

The Ludlow rocks on the side of the High Road at Chance's Pitch, between Malvern and Ledbury,
are very instructive, and present clear examples of the same jointed structure as in Shropshire. At
Ledbury, and thence for a short distance through the park of Mr. Biddulph, the whole of the Ludlow
formation, so fully laid open in the above-mentioned localities, is reduced to a narrow band of thin-

bedded yellowish sandstone, which from its position at the Dog Hill seems to be the equivalent of

the Downton Castle building-stone, p. 197. This rock being for the most part in a very broken and
partially altered condition, is of slight lithological value. It is vertical at the Dog Hill, and in

Ledbury Park is thrown over into an unconformable position by a reversed dip, as explained in

PI. 36, f. 8.

1 The mania of boring for coal through these ancient rocks, of which many other examples are cited in this

work, has unfortunately affected some of the inhabitants of this tract. At Mathon Lodge, anno 1832, I found
open shafts, which had been sunk to a depth of about 120 yards in the Lower Ludlow Rock, at a point marked
in the section, (PI. 36, f. 7.), where it ought to have been apparent to any one however ignorant of geological

phenomena that the limestone of the adjacent ridge of Croft Farm and Castle Copse, must, by its inclination,

be carried beneath this very shale. This, as well as the other absurd trials in the incoherent shale of the
" Silurian System," wherever it happens to be black, has been caused entirely by the lithological and mineral
characters of the rock, which in truth does not differ very materially to an unpractised eye from the shales of
the coal-measures. (See observations p. 328 et seq., on the coal speculations in Radnorshire, and on the
similarity between certain coal shales and the rocks of this age in Pembrokeshire, p. 374 et seq.
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The same rock reappears in Dunbridge Wood, where it contains casts of fossils, though the pre-

vailing feature along this frontier of the Silurian rocks south of Ledbury, is, that the Wenlock lime-

stone is brought directly into contact with the edge of the Old Red Sandstone, the Ludlow forma-

tion being entirely omitted.

Wenlock Limestone and Shale, Abberley Hills.

A reference to the map will show, that this formation is remarkably broken and disjointed in its

course along the Abberley and Malvern Hills. Near the northern termination of the former, the

calcareous or uppermost beds occupy a knoll called the "round hill," where excavations have been

made to the depth of forty feet, amid arched and contorted beds of greyish blue limestone. This

rock occupying a dome, low in relation to the Ludlow formation, is flanked by the New Red Sand-

stone on the east, and by detritus of Old Red Sandstone and Ludlow rocks on the north. From

this knoll, the Wenlock limestone is not traceable on the eastern flanks of the Abberley Hills, to

the point where the high road from Worcester to Ludlow crosses the ridge, a little above the

Hundred House, where there is a splendid exhibition of it in vertical strata, which having been fol-

lowed for some distance by cutting open galleries, the nature and amount of the breaks and curvatures

are well exposed. (See Map.) From this spot the limestone is again lost for about two miles, i. e.,

on the eastern side of Walsgrove Hill, where the elevated hollow between that hill and the trap of

Woodbury is filled with broken patches of coal-measures. From the south-eastern shoulder of

Woodbury Hill, however, the limestone again occupies a distinct, though low ridge, separated from

the Ludlow formation by a valley, and terminating abruptly in its prolongation to the south, in the

Hill End lime works. It is in this portion of the ridge that the inclination of the strata has been

completely reversed—a phenomenon which will be subsequently explained. In this district, some

of the varieties of the limestone are of a reddish colour, but the prevailing tint is the bluish-grey,

so prevalent in other districts. From Hill End to Knightwick Bridge, upon the Teme, the lime-

stone is not visible. The shale is ill developed throughout this portion of the range, though traces

of it are noticed here and there beneath the limestone, and also in one or two spots on the western

acclivity of the ridge between Martley and Ankerdine Hills.

Vast numbers of the characteristic fossils of the formation are found in the various lime-quarries
;

especially in that of Abberley Lodge, on the south side of the house of Colonel Bromley.

Wenlock Limestone of the Malvern Hills.

In reference to the Malvern Hills, this formation begins to rise about half a mile south of the

transverse gorge of the river Teme ;
whence, though broken by many transverse faults, it is trace-

able to Clencher's Mill, south of Eastnor Park, a distance of nearly fourteen miles. In the first

five miles, the limestone, though subject to a variety of breaks and flexures, to be afterwards ex-

plained, has a general direction from N.N.W. to S.S.E. Thence it strikes due N. and S. ; but after

being violently convulsed on the flank of the syenite of the Malvern range, it is thrown out to the

westward in a parallel ridge in the neighbourhood of Ledbury, conformably to the Ludlow rock,

and runs from N.N.E. to S.S.W. At Ledbury, however, the southerly direction is resumed, and

continues to Clencher's Mill. At the former place, the limestone rises in dome-shaped masses of

unequal extent, one of which folds under the lower Ludlow rock of the Dog Hill, as represented
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in PI. 36. f. 8. Another is in the high ground E.S.E. of the town : indeed the Coneygree Wood
may be considered as one great dome in which there are several minor flexures, so that thence to

the southern termination of the Silurian group, this formation juts out in broken masses in the

woodlands, ranging from Ledbury Park to Clencher's Mill, being in its western and southern faces

for the most part in abrupt contact with the clays of the Old Red Sandstone, the Ludlow rock for

several miles having been entirely suppressed. On the eastern side, however, of Coneygree Wood,

the limestone is clearly overlaid by the lower Ludlow rock, which thus occupies a trough, of which

Eastnor Hill is the highest part, between the dome of Coneygree Wood and the ridge of the same

limestone in Eastnor Park. (See PI. 36, f. 8.)

The lithological characters of this formation are similar to those which it assumes at Wenlock,

Dudley, and many other places. It very rarely contains any of the large concretions or ball

stones so common at Wenlock, Walsall, and Dudley, but is loaded with the usual number of small

concretions, which occupy lines in the dull-grey argillaceous shale, and alternate with beds of

solid limestone. The former, occupying the bands between the latter, are here known under the

name of bumbles. The massive limestone is quarried along several parts of the range in three

distinct tiers, of very unequal thicknesses in the different quarries, and occasionally thinning out or

uniting. The thickest masses being about ten to fifteen feet, are divided into various beds, some

of which are so crystalline as to be capable of fine polish, and are used for ornamental purposes.

At Ledbury, two beds of this rock, together about eighteen inches thick, are termed Ledbury

marble. At one of the principal quarries near this place, the limestone which is extracted occurs

in the following descending order.

Ft. In.

Bumbles or Concretions, with some shale, (good lime)

20

0

Plain Lime

1

3

Thick Lime

2

3

Shattered Lime

1

2

"Grey's" (Ledbury Marble)

0

9

Shattered Lime

1

3

Tough Lime » 1 0

" Grey's " (Ledbury Marble)

0

9

Green Lime

1

3

Bottom blue Limestone

0

9

Underlaid by Bumbles, as above. 30 2

The prevailing colour is bluish and dark grey veined with white ; there are occasionally pink

veins of calcareous spar, and at Clencher's Mill whole beds are red.

Sections at this latter spot expose

1. Upper shale of red, green, and purple colours, with small concretions. 2. Thin layers of reddish brown limestone,

with dividing courses of yellow and purple shale. 3. Strong beds of sub -crystalline limestone, deep red on the exterior,

(resembling some of the carboniferous limestone of Bristol), but occasionally yellowish, with dark-green blotches. This

stratum contains Crinoidea, Productus depressus, Asaphus caudatus, and other well known fossils of the Wenlock formation.

4. Purple and green shale.

These lithological characters, exceptions to the usual structure, are similar to those at Easthope

in Shropshire, (see p. 210.), except in the absence of the very large concretions or ballstones;

and it may also be mentioned that some of the beds yield dark, and others light-coloured lime

;

the black and white limestones of the workmen. I have observed no simple minerals worthy of

3 F
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notice, except occasional crystals of iron pyrites, very rarely a little heavy spar, and nests of an-

thracite in small cavities.

Organic remains are nowhere more abundant in the Wenlock formation than in this

range, including all the characteristic species of shells, trilobites, and corals, p. 214.

When indeed we look at the number of beautiful figures in the plates, taken from spe-

cimens found on the western slopes of the Malvern Hills and at Ledbury, we must

suppose these localities to be the most favoured in the variety and number of fossils.

By far the greater part of these choice specimens have been collected by Mr. Benjamin

Bright 1

in the quarries upon the estate of his father at Brand Lodge, and 1 have,

therefore, no doubt, that if collectors as assiduous and enlightened as Mr. Bright, were

spread over other districts where the formation appears, the harvest would be equally

rich
2

.

The Wenlock shale bears the same relations to the limestone, which the Lower does to the Upper

Ludlow rock, occupying longitudinal valleys beneath an escarpment. It is marked in the upper

part by numerous layers of small argillo-calcareous concretions, but in the central and lower parts,

these disappear, and with them the characteristic fossils. Towards the base, bands of sandy impure

limestone are observable as in Shropshire, but as these beds rise in separate ridges from beneath

the valleys occupied by the shale, they here, as in Salop, indicate a passage into, and are classed

with, the Caradoc sandstone.

Although the Wenlock formation is much more largely developed in the west of the Malvern

Hills than in the Abberley Hills, it is difficult to assign a precise thickness to the whole. The

upper portion, containing the solid limestone, may indeed be measured at many points, and in-

cluding the bumbles may have a maximum thickness of about 300 feet
;
though if examined at the

extremities of its course near Knightwick, it forms only one thin band. The underlying shale oc-

cupying as it does when fully expanded, valleys of about half a mile in width, wherein the strata are

inclined at high angles, cannot be estimated at less than 600 or 700 feet, which would give a total

thickness for the Wenlock formation in this tract of 900 or 1000 feet.

Caradoc Sandstone.

The uppermost band of the Caradoc sandstone is calcareous, sometimes so much so, as to

constitute an impure limestone like that of the Hollies in Salop, p. 21 7. It is not found in the

lowest part of the valleys, but usually upon the face of the underlying sandstone, as at various points

from Alfrick Pound on the N.N.W., to End Hill near Malvern on the S.S.E., from whence to the

Herefordshire Beacon, it is in great measure cut off by the syenite, and subjected to many flexures

and breaks, particularly near Mathon Lodge. It is again brought out to the west of Eastnor

Obelisk, where it consists of strong, dark-blue, calcareous flags, in beds from two to seven inches

1 Mr. Ormus Biddulph has also a small collection of the fossils of the Wenlock limestone at Ledbury Park.

(See description of organic remains.)

12 Since my first visits to the Malvern Hills, the city of Worcester has done honour to itself in establishing a

Natural History Society. An elegant and commodious building has been erected, the Museum of which, when

I last saw it, promised to be soon filled with all the characteristic Silurian fossils.
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thick. Much encrinital shale is also associated with the flags quite similar to that of Cowley Park

Wood, Alfric Pound, &c. The calcareous and hard flagstone beds were cut to about fifteen feet in

depth for the construction of the Park Wall at Eastnor. The rifts and veins are filled with pink

calcareous spar, and the flags are usually split transversely into irregular squares like the surface

of a chess-board. The flaglike arrangement of these beds, and the absence of concretions, places

them in striking contrast to those of the Wenlock formation. The fossils which mark this upper

member of the Caradoc formation at Stump's Wood in Eastnor Park, consist of three species of

Orthocera, Pentamerus Icevis, Lingula lata, &c. the two last-mentioned fossils occurring in the

same zone near Buildwas, and at the Hollies in Shropshire.

The sandy or central mass of the formation is seen at the southern termination of the Martley

Hills, rising into the still loftier Hill of Ankerdine, the highly inclined strata of which dip both to

the west and east, with the exception of a slight trace of the bottom of the overlying group of Wen-

lock shale. On its north-western face this rock constitutes the only division between the Old Red

Sandstone of Hereford, and the New Red of Worcester. (PI. 29. f. 4.) At Ankerdine Hill the

formation is charged with the casts of the Atrypa hemisphcerica (Dalm.), PI. 20. f. %t3 Terebratula

decemplicata (Nob.), PI. 21. f. I
1

]., and other fossils.

In the thick-bedded grit on the eastern slopes of this hill, are impressions of what are supposed

to be fucoids ; but they are extremely imperfect and cannot be strictly identified by any botanist who

has seen them. This grit is made up of an intimate mixture of fine grains of white quartz and

pink felspar, while the rents and faces of the stone, as well as the cavities which give the form of the

above plants, are slightly coated by a film of hydrate of iron. The colour is a dingy purple. This

formation is lost from Ankerdine Hill (its most northerly extension) to a point three miles south

of the Teme, when it reappears in the dome-shaped hill of Old Storridge, throwing off to the west

the younger formations above described. (PI. 36. f. 6.) It is thence prolonged by Rough Hill

to Cowley Park Woods, near which it is interfered with by small protrusions of syenite. After

being cut out and deflected from its south- south- easterly strike by the great body of the intrusive

rock, only a few of the upper beds are seen, as in a new road on the flank of the chain east of

Mathon Lodge, till we reach the northern end of Eastnor Park. (See Section, PI. 36. f. 7.) Here,

the strike being reversed, or to the south-south-west, (in conformity with that of the overlying

formations), the Caradoc sandstone is expanded, ranging along the Obelisk Hill, and occupying

the whole of Howler's Heath, where it terminates in another dome-shaped mass, similar to Storridge

Hill. It is here flanked on the south by the New Red Sandstone.

In this course the Caradoc formation, as in Shropshire, exhibits in descending order, first a bastard

limestone charged with encrinites, &c, and next a zone of thin-bedded, flaggy, greenish-grey sand-

stones, alternating with shale ; in some places, as near Merry Hill, very hard and siliceous; in others,

as in the Obelisk Hill of Eastnor, soft and fragile. In some of these flags are the same fossils as

near Acton Scott and Hope Bowdler in Salop. (See List.) In a lower zone of the formation, (at

the Paper-mill west of Old Storridge Hill), we have quartzose calcareo-grits, similar in composition

to those of Nash Hill near Presteign, and of Horderley in Salop, and which like them contain the

same casts of Pentamerus oblongus, and the prevalent corals.

Other beds near the Obelisk at Eastnor are dingy purple sandstones, undistinguishable from

many described in this formation in Shropshire. In these beds are not only casts, but even shells

themselves; one of them is the Nucula Eastnori, (nobis), PI. 20. f. 1. Some of the coarse grits

of this formation in Old Storridge Hill, and also at Howler's Heath, are remarkably hard, thick-

bedded, and contain much felspar in small grains : a very felspathic variety occurs on the flank of

3 f 2
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Midsummer Hill, where it is pierced by the syenite. On the western flank of Ragged Stone Hill,

where the high road from Worcester descends from the Malvern ridge, are quarries of pale-green,

fine-grained, slightly micaceous, earthy sandstone, as represented in this wood-cut.

86.

The mass of the rock is apparently void of regular laminae of deposit, but it passes upwards into

hard, flaglike, and highly micaceous layers. Although this sandstone is traversed by numerous

vertical and oblique rents, it is on the whole a fine free-stone, capable of being worked into any

form, and might be termed green sand with as much propriety as any rock in the geological series.

Judging from the structure of this sandstone and its proximity to a great fissure of eruption, I am
disposed to think it may have been formed during submarine volcanic eruption, and is, therefore,

similar in some measure to certain rocks on the sides of Caer Caradoc and other parts of Shropshire.

On the whole, however, the predominant colours of the sandstones and grits are dingy-red or

brownish-purple, as in Shropshire. With the exception of the upper band, calcareous matter does

not seem to be so prevalent as on the western side of Herefordshire.

On the west flank of the Malverns, the south-westerly strike of the strata, and the southerly

direction of the Malvern chain, necessarily produce an expansion of the lower formation, caused by

the divergence of the ridges which are respectively composed of syenite and upper Silurian deposits,

(See Map.) At this point, therefore, strata still lower than the grits and sandstones above described,

are brought to day in highly inclined and contorted positions, west of Key's End Hill, and at the

White-leaved Oak. They consist of very thinly laminated, perishable, bluish, slaty shale, with

bands of hard, compact, flaglike sandstones. Though these black shales and flags may represent

the Llandeilo formation, I have not detected organic remains to complete the analogy ; it would

be therefore premature to assert that this member has any distinct existence in the east of Hereford-

shire 1
. Though it is highly probable that we are here presented with a miniature development of

the whole series, and that the black schist and shale represents the lower rotch of Caermarthenshire

and Pembrokeshire, which there constitutes the beds of passage into the Cambrian System. (See

p. 357=) The full succession of the Silurian series, between the syenite of the Malverns and the

Old Red Sandstone, is beautifully exposed in a transverse section from Midsummer Hill to Led-

bury. (PL 36, f. 8.)

Such is a brief outline of the structure and disposition of the Silurian rocks on the

western flanks of the Malverns, and the range thence to the Abberley Hills. Further

analogies may be worked out by those interested in these tracts, by a reference to the

preceding chapters, in which the full types of the same formations are described. To

comprehend the nature and amount of the dislocations and undulations to which these

masses have been subjected, the reader, after examining and comparing the various

1 Some of the associated shale is so black, and decomposes so readily, as to produce a surface very much re-

sembling that of certain coal-fields. Indeed, trials for coal were made in this spot, and hence the name of Coal

Hill has now become fixed, (see Ordnance Map,) as if to deter all future speculators from such absurd attempts.
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sections (PL 36.), must then peruse the following pages upon the syenitic and trap rocks

of the principal ridge, and the effects produced by their intrusion upon the stratified

deposits. The organic remains are described in subsequent chapters expressly devoted

to them.

Key's End Hill. Midsummer Hill. Hereford Beacon. Worcester Beacon. North Hill.

The Malverns, as seenfrom the Vale of the Severn south of Worcester, from a drawing by Mr. H. E. Strickland.

Trap and Altered Rocks of the Malvern and Abherley Hills, followed by an

account of theprincipal Dislocations of the Strata.

The Malvern Hills, when viewed from the east, as represented in this vignette, or

from the north-east as in the sketch p. 78, form one of the most striking features in

the interior of the kingdom ; their steep arid sides and sharp outline exhibiting a marked

contrast to the soft and undulating grounds, composed of New Red Sandstone and

marl, which occupy the valley of the Severn. On the opposite side, as seen from

Herefordshire, they do not convey the same idea of a narrow mountain chain, their

western flank being encumbered with other hills and buttresses, constituting the Silurian

and Old Red Sandstone systems. (See vignette, p. 409.)

The Malvern Ridge is essentially of volcanic origin, and its component parts were

long ago admirably described by Mr. Leonard Horner 1

. It is, indeed, remarkable, that

at a time when the intrusion of rocks of igneous origin through sedimentary deposits

was received with distrust, or warmly contested, he should have drawn such clear

inferences from dislocations of the strata adjacent to the trap.

The prevailing rocks are varieties of syenite, consisting of quartz, felspar, and hornblende. A
granitic compound of quartz, mica, and felspar, however, occurs : but, as Mr. Horner correctly states,

it does not present the appearance of the true granite of Cornwall or Scotland and it passes into

syenite. One of the very finely grained varieties is of a purplish-brown colour, and sometimes con-

tains a small quantity of magnetic pyrites, and slender veins of compact epiilote and in the fissures

are crystallized sulphate of barytes, and minute rhomboidal crystals of ferriferous carbonate of lime.

Epidote is abundantly disseminated through some portions of this rock, chiefly on the northern

1 Geological Transactions, Old Series, vol. i. p. 281.
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face of the End Hill, usually in a compact or granular state, and in small yellowish green veins

ramifying through the granitoid and syenitic rocks. Again, there are transitions into compact
felspar, generally much fissured, the surfaces of the cracks being covered with yellow oxide of iron,

and occasionally with small crystals of spathose iron and calcareous spar. These felspar rocks are

largely cut into on the sides of the high road from Malvern to Ledbury, which crosses the hills

between the Worcestershire and Herefordshire Beacons. At Swinyard Hill the rock is granitic,

containing very minute scales of mica, but it graduates into syenite and greenstone.

Besides these decidedly un stratified rocks, there are parts of the flanks of the hills in which the

same minerals are arranged more or less in layers, and to which Mr. Horner affixed the term of

gneiss. Some varieties of the latter may, I think, be considered simply as altered rocks of the

Silurian System. Among these, a species of contorted chlorite slate is very frequent. The chlorite,

which is scaly and foliated, takes the place of mica, and alternates with quartz, the two minerals

being generally in parallel laminae, but sometimes the quartz is disseminated and mixed with the

chlorite. On the whole, the rock has much the aspect of a chlorite schist in Anglesea, described

by Professor Henslow. (Cambridge Phil. Trans., vol. i.) There are also, on the western flanks of

Midsummer Hill, stratified rocks of ambiguous character, composed of quartzose hard conglome-

rates, with lumps of compact felspar and much of that mineral disseminated ; from their compo-

sition it is difficult to suppose they have not been connected with the volcanic origin of these hills.

These, as well as the grass-green, felspathic, sandstone of Holly Hill, described p. 416, may be

referred to that intermediate class of rocks, and to which the name of volcanic grits has been

applied. Under this supposition, we must imagine that in the manner previously explained, sub-

marine volcanic ebullitions were in activity upon this line of fissure during the earliest accumulations

of the strata of the Silurian System, and that long after these deposits had been formed, the present

syenitic chain of the Malvern burst up, dislocating and altering the adjacent strata. At the White-

leaved Oak, between Ragged Stone and Key's End Hills, the trap rocks (c) are contracted into a

small dyke (c*). To the north of this hamlet, the flaglike sandstones fold (a) concentrically around

this dyke, dipping off sharply to the west.

The arch is broken near the summit, but as the chloritic and micaceous schists appear on the

contiguous slope of the hill, dipping to the east, there can be little doubt that the peculiar mineral

characters of this rock were due to volcanic agency. Indeed, at the extremity of the ridge on Key's

End Hill, the chloritic slaty beds are twisted and contorted amid great dykes of compact felspar

rocks, and impure syenite. Another proof of the alteration is near the summit of the Worcester-

shire beacon, where a mass of quartz rock occurs, which doubtless was produced in a manner

similar to that on the flanks of the Caradoc, the Wrekin, &c, (see pp. 227, 233.)

Let us next direct our attention to the north end of the range, where Mr. Horner's description

terminates. Beyond the End Hill are two bosses of trap, the most southern of which is cut through

88,
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atCowley Park, by the road from Great Malvern to Bromyard. The other is 200 or 300 paces to the

north, on the opposite bank of a little stream called Whippet's Brook. These knolls represent in

miniature, the whole chain of the hills. The centre of the first boss consists of greenstone, having

upon each side reddish felspar rock, both granular and compact. On the western flank, dark purple,

red and green marls are thrown up in vertical beds, with much decomposed matter between them

and the dyke, and the water saturated with the ferruginous colour of this clay, has, in overflowing,

discoloured the adjoining trap. On the eastern side is a quartzose sandstone, almost in the state of

quartz rock, the strata being vertical ; and a little beyond this, it is succeeded by conglomerate quartz-

ose grit. The little knoll which affords this section, rises only about thirty feet above the road.

The dislocated and altered strata on its sides, are evidently the grits and sandstone of the Caradoc

formation which we trace to large masses in Old Storridge Hill on the north, and Howler's Heath

on the south. In the other knoll, north of Whippet's Brook, the flanks of the syenitic greenstone

are wrapped round by highly inclined beds of quartzose felspathic conglomerate, which has been

largely quarried for a roadstone. This, therefore, is perfectly analogous to the cases of hard and

vertical conglomerate, and volcanic grits, which are thrown off the western flank of the syenite of

Midsummer Hill, and other points of the Malvern Hills. The direction of these knolls points to

the trappean hills which reappear on the left bank of the river Teme between Knightwick Bridge

and Abberley ; and along the intermediate space, ridges of the Silurian rocks are thrown up in

dislocated masses, the general strike of which is parallel to the main direction of the intrusive rocks 3

namely, from S. and by W., to N. and by E.

Range of Trap between Knightford Bridge and Abberley.

The trap rocks which occasionally protrude along this line, in a direction from south to north,

have not yet been described, nor has their position been marked upon geological maps. They

rise into several hills, and constitute the nucleus of that ridge, which is the distinct pro-

longation to the north of the Malvern Hills, and rising through the Silurian rocks before de-

scribed, further separates the Old Red Sandstone on the west, from the New Red Sandstone on

the east. The chief masses of trap along this line, constitute the round hills of Berrow, Woodbury,
and Abberley, but exhibit nothing more of their structure than can be detected in small protu-

berances peering through the verdant pastures with which they are covered. They all consist es-

sentially of u concretionary trap 1," having a base of greenish-grey, dingy-green, and purple com-
pact felspar, sometimes containing minute crystals of common felspar 2

; when very finely con-

cretionary, as above the Hundred House, the rock is with difficulty distinguished from a grit, and

where the felspar has decomposed, presents a mottled surface. In Woodbury Hill, the structure is

more largely concretionary than in Abberley Hill. Between this hill and Abberley, is a singular

conical hillock, called Round Robin, of the same rock, but of a very red colour, and approaching

more to a syenite. In Berrow Hill the structure is coarsely concretionary, felspar of deep red

colour being predominant.

I fortunately discovered one little boss of syenite, which has recently been cut into in the de-

1 The Clent Hills on the opposite or eastern bank of the Severn, are precisely similar in composition and in

their forms of disintegration. They will be described in the chapter on the Dudley coal-field.

2 It is here termed Jewstone, a prevalent name in Salop and Worcester for any hard trap rock. It is used

for the roads, and is strongly contrasted with the soft decomposing Mudstone of the Silurian System.
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pression north of Berrow Hill, three quarters of a mile west- south-west of the village of Martley,

and near the junction of the Old and New Red Sandstones. This rock is made up of flesh-coloured,

compact felspar, white quartz, and silvery mica, and passes into a mass undistinguishable from

several varieties of the syenitic greenstone of the Malvern Hills. The discovery of this boss of

true Malvern rock on the strike of the main direction of the chain, and in the midst of the concre-

tionary trap of the Abberley Hills, is a satisfactory and additional proof of their common origin,

particularly when coupled with the existence of a syenitic dyke at Brockhill, proceeding from

the western flank of these hills, and cutting through the Old Red Sandstone, (see p. 186.) Like

the cases north of Malvern and at Brockhill, this little hillock of syenite appears to have been

intruded into the Old Red Sandstone, but its relations are ill exhibited, not having been much

worked into upon its flanks. Owing to the sloping and unbroken sides of the trappean hills south

of Abberley, clear examples of these contacts between the stratified and unstratified rocks, so

frequently pointed out in other parts, are not met with ; but in the debris on the sides of the hills,

specimens are repeatedly found of veined and hardened sandstone, identical with the altered strata

on the sides of the Brockhill dyke of syenite.

Dislocations.

The effects produced by the elevation of the Malvern and Abberley Hills are perhaps

more striking than in any other part of England. Of all these dislocations, the most

remarkable extend from near Abberley Lodge on the north, to Hill End on the south,

a distance of about five miles, throughout which the Old Red Sandstone, Ludlow, and

Wenlock rocks are completely inverted, the younger formations being overlaid by the

older. Any transverse section made from west to east across the Abberley Hills,

displays this phenomenon. In the principal hill, or Abberley Hill, properly so called,

the Ludlow formation, having a central zone of impure limestone, is thrown up into the

escarpment, and near the northern extremity of the ridge has a strike 8° east of north

and west of south, and a dip to the east at angles varying from 35° to 80°, whilst the

Wenlock limestone is found at one point only, and at a much lower level, arched over

and violently contorted. The same confusion prevails in the culminating parts of the

ridge, between the Hundred House and Abberley, but here the Wenlock limestone is

entirely cut out for a certain distance, and replaced by trap rocks. Not only is the

Ludlow formation exposed in violently contorted strata in the quarries above Abberley,

but there are even patches of Old Red Sandstone upon the higher parts of the hill, as

seen on the sides of the high road from Ludlow to Worcester, (see PI. 36, f. 1.) Where

the Wenlock limestone is found again, to the south of this scene of convulsion, it is in

nearly vertical strata, occupying a lower zone ; and the beds slightly thrown over from

the perpendicular, are singularly bent and broken, appearing as if they folded round a

nucleus of eruptive rock.

In Walsgrove Hill, a deep quarry cut into the side of the hill for the extraction of

the impure limestone of the Ludlow rocks, first taught me that the Silurian formations

had been really overturned. (PI. 36, f. 2 & 3, and this wood-cut.)
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a. Coal-grits, &c. h. Lower g. Aymestry /. Upper
Ludlow. Limestone. Ludlow.

When examined in detail, the underlying beds (/) are seen to consist of the Upper,

and the overlying Qi) of the Lower Ludlow rock, the inclination exceeding the vertical

by about 20°. Grits of the coal-measures (a) adhere in broken patches to the side of

the elevated mass, and small troughs of coal have been worked out in the depressions

on the eastern side of the ridge, thus teaching us, that one, if not the chief dislocation,

was posterior to the coal measures.

From this point, the Ludlow formation is clearly exhibited in the reversed order of

superposition for about four miles ; the angle of reversed dip increasing as the ridge

advances to the south. On the sides of the hills there are various natural sections of

the Ludlow rocks dipping at angles of 30° to 40° to the east, whilst the Old Red Sand-

stone occupies the valley below this escarpment of inverted strata. (See Section, PI. 36.

f. 4.) The proofs of these inversions are completed by prolonging a transverse section

to the east, and the parallel ridge of Wenlock limestone is found to be also tilted over

;

the beds, with partial exceptions of curvature, conformably overlying those of the

younger formation, and at angles varying from 45° to 60°. So symmetrical indeed is

the reversal in this part of the range, that any geologist who had not previously made

himself acquainted with the true order of superposition, would naturally conceive the

Wenlock limestone to be younger than the Ludlow rock, and the Ludlow rocks than

the Old Red Sandstone.

The convulsed state of the Wenlock limestone, near the southern termination of the

Abberley Hills, one mile north of the village of Martley, is explained in this ground

plan.

E. 9,0.

W.

1 This ground-plan is simply an enlargement of what is represented in the Map.

3 G
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Advancing from Ridge Hill and Callow Farm to this place, in two ridges trending

from N.N.W. to S.S.E., one of which dips 60° the other 20° to the east, the limestone

of the principal branch is suddenly wrenched round and split into a diverging fork, and

occupies a broken saddle ; the separated masses of which dip in opposite directions as

in the above wood-cut. It is instructive to observe that the mean direction, if prolonged

from the centre of these yawning masses, terminates precisely in a little boss of syenite

at the foot of Berrow Hill, and hence there can be little doubt that the direction of the

fissure was determined by the eruption of that rock, in a line proceeding from thence by

Kingwood Common, and the Noak, to Hill Side. In Tinker's Copse, Collin's Hill, and

Ankerdine Hill, the strata of the Caradoc sandstone form an irregular anticlinal, marking

the prolongation of this disturbance, whereby the impure limestone and shelly sand-

stones of Collins Green and Hay Copse are thrown over to the E.S.E., whilst the

Caradoc sandstone of Ankerdine Hill dips S.S.W. A glance at the map will show that

the Teme escapes through a great fissure, and at a point of extraordinary convulsion ;

for on the left bank, the Caradoc sandstone is heaved up into a lofty hill, throwing off

the Old Red Sandstone to the west ; whilst on the right bank the rocks of the Silurian

System, being denuded and invisible for a short distance, are covered by a thick mass of

conglomerate of the New Red Sandstone of Rosemary Hill. (See p. 53, and PL 29.

f.4.)

When again met with, in the prolongation of this ridge to the south of the river

Teme, the Silurian rocks have resumed their natural positions ; the Ludlow formation

regularly overlying the Wenlock limestone, and passing beneath the Old Red Sandstone ;

and finally the regular order is still more clearly defined by the Caradoc sandstone

rising from beneath the other groups in Old Storridge Hill. (PI. 36. f. 5.) The con-

vulsions, however, to which the strata have been subjected are again very apparent, a

remarkable example occurring at Crew's Hill, between Alfrick and Suckley, thus :

E.

The arrows indicate the points to which the strata dip. N.

W.

The direction of the strata in this portion of their course is changed from north and

south, to a few degrees east of south and west of north. By this strike, each formation

successively impinges upon the main chain of the Malvern Hills, which trends from

north to south , and the result is such as might naturally be expected. As they approach

the syenite, the Caradoc sandstone is first thrown into vertical positions, then tra-

versed by small bosses and dykes of the syenite, as explained p. 419., and finally cut

out by the great mass of that rock. Next the impure limestone and grit, or upper beds

of the formation, striking upon the western flank of the syenitic hills, are not only ren-
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dered vertical, but are partially bent back, as in this wood-cut, thus presenting the

same phenomena as in the Abberley Hills, though the degree of inversion is less.

a. Syenite. ~b. Wenlock Limestone removed from the syenite and unaffected.

6*. Wenlock shale vertical and partially bent back.

<?. Impure limestone and Caradoc grit overturned.

In the description of the Malvern Hills, Mr. Leonard Horner, with his usual sagacity,

remarks upon the singular appearance which these strata present, of dipping towards

the syenite, where he adds, " they seem to have been raised not only into a vertical

position, but even thrown back, and in some degree inverted
1 ." The order of super-

position of the ancient stratified deposits, was at that period necessarily so incomplete,

that no one could have proved the beds had been overturned ; and thus we see the value

of establishing the succession of the Silurian System. The section represented in the

above wood-cut, which is in fact only a part of the coloured section (PI. 36, f. 7.), was

recently laid open by cutting a new road to Mathon Lodge. So long as the Wenlock

formation occupies the immediate coast (if we may so speak) of the syenite of the Mal-

vern Hills, so far the strata are violently broken and disturbed, particularly on the steep

acclivities of the Hereford Beacon, as in this wood-cut.

93.

a. Syenite. b. Wenlock Limestone unaltered. M. Wenlock Limestone broken and altered.

At this remarkable point is a great change in the direction of the strata. They strike

to the S.S.E. until they reach the Malvern syenite ; and then they are thrown into

vertical and disjointed masses, having a north and south strike, accommodated to the

western flank of the intrusive rock, and finally jut out to the south-west in low

parallel ridges. As the chain of syenite continues its course to the south, whilst

the Wenlock and Ludlow formations diverge to the south-west, the interval between

these lines affords space for the elevation of the Caradoc sandstone, which resumes

its regular place, dipping conformably under the younger rocks, its lower members

only being affected by the syenite on which they rest. The transverse section (PI. 36.

1 Geological Transactions, Old Series, vol. i. p. 320,

3 g2
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L 8.) across these ridges, explains the full and conformable development of all the

formations on this point, and also the flexure and break of a portion of them on the

outer and parallel zone extending to Ledbury. There, the southerly strike being re-

sumed, it is beautiful to observe how at the point of meeting of these conflicting di-

rections, the formations are heaved into domes ; a phenomenon similar to that which

we shall afterwards notice in the Dudley district. The mean direction, therefore, of the

Silurian Rocks from the northern point of the Abberley Hills to the southern termination

beyond Ledbury, a distance of twenty-three miles, is from north and south, the south-

south-easterly strike of the strata from the Teme to the Malverns compensating for the

south-south-westerly near Ledbury.

Amid the various faults and breaks along this line are some of very singular character

;

but most of the apparent lateral shifts which the colours on the map would indicate,

can be accounted for by the discrepancy of the angles of inclination of the strata, which

have been disjointed by these cross fractures.

To the north-west of the Malverns, near Batchelor's Bridge, where the Wenlock

limestone is fully developed and conformably arranged, it has, as before stated, three

workable bands of limestone, separated by concretions and shale. Where the formation

approaches the Malvern Ridge, it is interesting to watch the effects produced upon those

subordinate members. The three bands near Brand Lodge converge and almost unite

in one mass ; the shale and concretions appearing to have been squeezed out.

Ground-plan of three bands of Limestone near Brand Lodge.

This might be attributed to the natural thinning out of portions of the included beds,

but we no sooner turn round the adjacent trappean promontory of the Herefordshire

Beacon, than we again meet with the three bands of limestone in vertical, distorted,, or

highly inclined beds at different levels on its steep slopes, each calcareous mass separated

by a considerable breadth of shale. The same is observed in the ridgeway of Eastnor

Park.

The phenomenon, however, most worthy of attention, is the reversal of the strata.

In the Abberley Hills, where the effect is of the greatest intensity, the eruptive rocks

rising through the tilted deposits are at hand, to afford an explanation of the agency

employed in effecting so great a revolution. With the exceptions of the Brockhill

dyke (p. 186), and the rock near Martley, the trappean rocks of Abberley are not,

however, cut into by any natural or artificial excavations to show the points of contact,

though we can have no doubt that their eruption dismembered the strata, because the

various Silurian deposits occur in disjointed masses, at different heights on the sides of
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those hills, the summits of which, as in the Abberley and Woodbury Hills, consist ex-

clusively of rocks referrible to an igneous origin. If, however, there could be any doubt

respecting the agency which produced these remarkable effects, it is instantly dispelled

by an examination of the western slopes of the Malverns, where the inverted or over-

turned strata are admirably laid open as above represented, close to the overshadowing

and bulging mass of the syenitic chain. The submarine volcanic action which raised

the Malvern ridge, may easily be supposed to have forced up the contiguous strata

;

first to high degrees of inclination, next to verticality, and finally to have bent them

backwards upon their axis, into their present positions. (PI. 36, f. 7.) The eruption

of the trappean rocks of Abberley and Woodbury has, therefore, doubtless produced a

more intense movement of reversal of the strata in those hills. Unlike the beds on the

western flanks of the Malverns, which, in proportion as they recede from the edge of

the eruptive chain, regain their regularity and gradually resume their regular positions,

the older formations dipping away beneath the younger ; the same deposits in the Ab-

berley Hills present the ends of their highly inverted strata to a valley composed of the

Old Red Sandstone, the younger rock being surmounted by the older strata of the

Silurian System! (PL 36, figs. 1, 2 & 3.)

Such phenomena are of high interest, as pointing out in our own country what has

been indicated by geologists who have laboured in Alpine regions, where inversions of

the strata are frequent. Professor Sedgwick and myself, as already stated, traced

phenomena of this character throughout a long range on the northern flanks of the

Austrian Alps, where the younger strata of the green sand appear to plunge under the

older Alpine limestone, and these again under the more ancient rocks towards the

centre of the chain. (See Geol. Trans., N. S., Vol. iii. p. 203.) This inverted order in

the Abberley Hills could never have been established without previous determination of

the regular and uniform succession of similar deposits over a large region where they

are ^disturbed ; while all the accompanying phenomena are so clearly explained upon

the western flanks of the Malvern Hills, that there is no longer any possibility of

avoiding the inference, that the volcanic agency, which threw up this line of trap rocks,

was directly the cause by which the strata were forced up and folded back.

That one great eruption of the Malvern rocks took place after the accumulation of the

coal-measures, is proved by various dislocated carboniferous patches at the Abberley Hills.

Further, from the highly inclined position of the beds of New Red Sandstone near Great

Malvern, it is almost certain that this chain was also partially raised " en masse," after

the deposition of that formation. (PI. 36. f. 7.) Whether the movement which affected

the Red Sandstone was the same as that which broke up the coal-measures is not easily

determined, though we have no difficulty in affirming, that upon this same line offissure,

volcanic action had been in play during the accumulation of the Silurian System, and

that the strata then in existence were thrown up by outbursts anterior to the forma-

tion of the coal beds, which rest unconformably upon the edges of these older rocks.
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There are, therefore, indications of several periods of movement, one of the last of which

was probably that, which trending from N. to S., and from N. and by W., to S. and by

E., was caused by a great eruption of the Malverns, accompanied by other lateral and

parallel movements. The N.E. and S.W. strike, so dominant between Ledbury and

the principal mass of syenite, was the original direction of the deposits, while their

fractured condition was probably the result of the north and south, or last movement

to which they were exposed. Similar effects of dislocation, proceeding from the inter-

section of conflicting lines of strike and on a much larger scale, have been pointed

out in Pembrokeshire.
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CHAPTER XXXII.

VALLEY OF ELEVATION OF WOOLHOPE.

Introduction.—Form of the Valley.—Description of the Silurian Rocks which

constitute its encircling ridges.—Ancient dislocations which determined its

form, fractures, and drainage.—Modern dislocations and landslips.—Drifted

matter. (See General Map, enlarged Map opposite page, coloured sec-

tions, PL 36. figs. 9a and 9b. and wood-cut p. 428.)

THE phenomena of valleys of elevation in rocks of sedimentary origin were first brought

into prominent notice in England by Dr. Buckland, in an able sketch of the district of

High Clere and Kings Clere
1

. Since that period the attention of geologists has been

directed to certain crateriform cavities, which, composed of trap or volcanic rocks, have

been termed by Von Buch "craters of elevation," and their external folds having an

eccentric dip are supposed to have been forcibly raised from the centre into their present

positions. This opinion, ably supported by some leading geologists, including MM. Elie

de Beaumont and Dufrenoy, has met with equally powerful opponents in Mr. Lyell,

M. Constant Prevost and others. The followers of Von Buch contend, that the relative

position of these masses and their transverse rents, demonstrate upon mechanical prin-

ciples, that violent and sudden expansion from centres of eruption could alone have pro-

duced such results,—their opponents asserting, that in lithological structure and method

of arrangement, the strata composing many of these so called " elevation craters" are

nothing more than the natural products, whether submarine or subaerial, which being

vomited from craters, have fallen upon or flowed down their sides. It is not my in-

tention to enter into this warmly agitated question ; but, notwithstanding the eminence

of the rival disputants, I cannot avoid expressing an opinion, that in this, as in many

other points of geological theory, discrepancies of opinion may often be reconciled, if

the contending parties would examine for themselves the same natural phenomena.

Mr. De la Beche, in his able work, " Researches in Theoretical Geology," p. 112, has

well observed, that " amphitheatres or valleys of elevation merely require the ejection

of volcanic matter through their centres to become the much disputed craters of eleva-

tion." Nature, therefore, it appears to me, may be so appealed to by contending

1 Geological Transactions, vol. ii. p. 119.
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theorists, that their opposite views may equally be sustained by physical evidences

;

for on the one hand cases may be cited, where stratiform masses, once horizontal, have

been heaved up into dome-shaped forms, dipping away from a common nucleus, like

the valley I am about to describe \ while on the other, there must, according to modern

analogies be instances, where accumulations of indisputable volcanic origin have been

actually placed in their present relative positions, by ejections from the mouths of

craters, both under the sea and under the atmosphere.

Whether the stratified masses so arranged, be purely sedimentary, or of mixed aqueous

and igneous origin, does not much affect the question. It is not fair to contend that

every rock, the structure of which bespeaks a volcanic origin, and which has a qua-qua

versal dip, was originally arranged in that position. The surface of the globe abounds

in large stratiform and horizontal " coulees " of volcanic rock, which if upheaved by in-

ternal forces, might appear domes of elevation like this of Woolhope ; and in the pre-

ceding pages I have already cited many examples of stratified masses of igneous origin,

(volcanic grit) &c, some of which form amphitheatres of elevation. Now if such

masses were purely of volcanic origin, it might be contended that they owed their qua-

qua versal dip to crateriform action : but as they are interlaminated with sedimentary

matter containing organic remains, there is no doubt that they have been accumulated

under the sea, in undulating or slightly inclined strata, and have since been thrown into

their present positions.

After this preamble, I proceed to direct attention to a most remarkable and symme-

trical example of these phenomena which occurs within the Silurian region
1

.
Though

not known in Herefordshire by any distinguishing name, I have called it the valley of

Woolhope, because that village stands near its centre. The surrounding villages are

Dormington, Stoke Edith, Putley, Much Marcle, Sollers Hope and Fownhope, all of

them situated upon the Old Red Sandstone (a of this wood-cut) near its junction with

the Ludlow Rock b.

Holme Lacey. Fownhope Park.

Gravel.

Woolhope Valley.

Haugh Wood. Seager Hill.

A. Old Red Sandstone.

Lower part only seen.

B. Ludlow Formation.

b. Upper Ludlow.

b1
. Aymestry Limestone.

62 . Lower Ludlow.

C. Wenlock Formation.

c. Wenlock Limestone.

c1 . Wenlock Shale.

95.

&i b

D. Caradoc Formation.

d. Caradoc or Woolhope Limestone.

d1
. Caradoc Sandstone.

» For other examples of similar phenomena, see accounts of the valley of elevation of Wigmore Lake (the

Ludlow promontory), p. 238 ; and of Usk, p. 438.
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This elevated mass is of an ovoidal or pear-shape, the major axis from north-west to

south-east being six miles from the village of Dormington at the larger end, to the farm

of Lindels near the south-eastern apex. The transverse diameter measures four miles,

from the village of Fownhope on the south-west, to the outward flank of Seager Hill on

the north-east. Within this area the three upper formations of the Silurian System

are elevated into concentrical and conformable masses, the strata of each dipping out-

wards from a common centre, and the whole passing beneath the Old Red Sandstone.

I shall in few words describe each of these elliptical-shaped masses, proceeding from

their centre to their flanks, and beginning therefore with the most ancient of the three

deposits.

The central mass called Haugh Wood is about two miles long, by one and a half

broad. The strata exposed in the central portion of this nucleus are quartzose grits of

the Caradoc sandstone (d
1

of wood-cut). These beds rising to a height of upwards of

600 feet in the centre of the wood, where they are nearly horizontal, dip away on all

sides at angles not exceeding 12° or 15°. From the gentle and equable curvature of

the surface of this central dome, the strata are little fissured and the lower parts of the

Caradoc sandstone are not exposed ; thin bedded siliceous sandstone and quartzose grit

being the lowest beds visible.

As in Shropshire (p. 271), or on the west flank of the Malverns (p. 414), the upper-

most member of this formation is a hard impure limestone (d of wood-cut)
,
occasionally

burnt, but more frequently used as a road stone. Folding around the central dome

of Haugh Wood, it is well developed near Woolhope, and may therefore be termed

" Woolhope limestone." It is quarried at Woolhope, Limburies, Littlehope, Rudge

End, Joans Hill and Westerton. (See coloured section, PL 36. fig. 9 a and 9b .) In

mineralogical character it is undistinguishable from that of Stumps Wood on the west

side of the Malverns, being a hard, dark blue, thick flaglike limestone ; the surfaces

frequently chequered with transverse septa?, occupied by pink calcareous spar ; a few

way-boards of unctuous clay lying between the beds.

The next strata in ascending order are composed of shale of the Wenlock limestone, (c
1

of wood-cut) which here, as in most other parts previously described, is deeply denuded.

Hence its place is marked by a depression, which varies in width from half to

three quarters of a mile. Towards the north-eastern turn of the valley, however,

where the encircling deposits are most expanded, this shale rises into low hills on

the sides of the road leading frOm Mordiford to Checkley Common, where the strata

dip 15° north-east. (See Map.) It is here interlaminated with many thin courses and

concretions of impure limestone and hard marl, in which are shells and corals charac-

teristic of the Wenlock formation, together with portions of the Asaphus caudatus and

other trilobites. The soil along this zone is very variable, being rich enough to pro

duce hops and wheat where the calcareous matter prevails, but cold and sterile where it

is wanting.

3 H
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Low, wooded hills surround the shale (c
1

) . These are composed exclusively of the

Wenlock limestone (c of wood-cut) , a solid mass of which generally rises to near the

top of the ridge, accompanied with the usual small concretionary nodules. This zone,

the chief seat of the limeworks of the district, has a valley on each side, the inner

one excavated in the Wenlock, the outer in the Ludlow shale.

To describe the zoological remains of this limestone would be only to repeat accounts

given of them in other places, a vast number of the characteristic fossils of the forma-

tion being present. (See PI. 12, 13 and 14 and descriptions.) These organic remains,

particularly the corals (PI. 15 and 16.), are most abundant at Fownhope, Winslow Mill

and Lindels. The inclination of the beds of limestone is for the most part higher than

that of the inferior strata. At Winslow Mill they dip 40°. At Fownhope they are

thrown up to 40° and 50°, and at Lindels, where the opposite ridges unite and terminate

in an apex, they incline 30° to 40°.

The exterior ridge is composed of the Ludlow formation, which is thrown off on all

sides from the central and inferior rocks, plunging beneath the Old Red Sandstone.

These Ludlow rocks preserve their usual tripartite subdivision into a lower shale (6
s

),

a central calcareous stratum or the Aymestry rock (&') and Upper Ludlow rocks (&).

The shale (Z>
2

) occupies a valley, separating the harder parts of the formation from the

Wenlock limestone, &c. The higher part of this shale rises into the steep escarpments

of the outer rim, and passing into an argillaceous sandstone, is undistinguishable from

the " mudstone " of Abberley or " pendle " of Shropshire.

The calcareous or central member (&
1

) is the equivalent of the limestone of Aymestry,

and with the exception of that peculiar shell, the Pentamerus Knightii, it contains the

well known fossils of the stratum, such as Terebratula Wilsoni, Lingula Lewisii, Turbo

corallii, &c. (See PL 6.)

From its greater hardness, this rock has resisted denudation more effectually than

any other portion of the formation, and therefore constitutes the culminating points.

It is used for road making, and at one or two places was formerly burnt ; but the su-

perior quality of the adjoining Wenlock limestone supersedes this application of the

stone. It forms the crest of the external ridge of the Woolhope Valley, and in Marcle,

Seager, and Backbury Hills, rises above all the deposits of the included valley.

The calcareous beds pass insensibly into the overlying argillaceous sandstone or

Upper Ludlow rock (6 of wood-cut), which to the east and north sides, descends

into the plain, at angles varying in the different promontories from 35° to 15°, the dip

usually decreasing towards the low and fertile region of the Old Red Sandstone.

The western and south-western face of the ellipse, or the ridge extending from Mor-

diford to Fownhope, is an exception to this gradually decreasing inclination from the

lower to the upper strata of the Ludlow rock, that portion of the margin being thrown

up at the high angle of 60° to 65°. The actual junction of the Ludlow rock along this

frontier with the Old Red Sandstone, is for the most part obscured by detritus, which
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near Mordiford is a breccia, and in the plain of the Wye is a thick argillaceous allu-

vium.

There are, however, instructive sections to the south of Fownhope, where the Ludlow

formation occupying the sharp ridge of Paget's Wood and Leigh Wood, plunges at an

angle of about 45° to 50° under the Old Red Sandstone, which is there not much de-

nuded, but occupies the hill of Capler's Camp. (See PL 36. f. 9a
.)

Excellent detailed sections of the Upper Ludlow rock are visible at many points

around the external face of the elevated mass, by ascending from the plain of the Old

Red Sandstone to the highest ridge
;
namely, behind the village and in the park of

Stoke Edith ; at Dormington and in the slope between Upper Dormington and Back-

bury Hill; or in Seager Hill, Marcle Hill, Ridge Hill, &c. The best sections, perhaps,

are in the deep-sided lane leading from Darley Common to the crest of Seager Hill by

Pilliard's Barn, where the strata are absolutely loaded with shells, not merely casts, as

is common in this rock, but with the shelly matter as well preserved as in the testacea

even of the tertiary period. Several of the most characteristic shells of the Ludlow

rock figured in this work have been found in these localities. (See PL 5.)

Ancient Dislocations of the Valley.

The arrangement of the rocks above described must be critically examined, before

we can account for the physical features of the valley of Woolhope. Some of these

features are the results of mineral structure. Thus, for example, we see that the soft

shale has been hollowed into depressions, leaving the harder limestone and sandstone

as walls or lines of circumvallation. In explaining, however, those transverse gorges

in which the waters flow, we must look to the movements which, in elevating this valley,

determined its present form and drainage.

The major axis or anticlinal line of the valley ranges from Backbury Camp and Dor-

mington on the N.N.W., to Lindels and Oldbury Hill on the S.S.E. As the strata on

the eastern side of this line, dip at a lower angle than those upon the west, the

former side is necessarily broader than the latter. (PL 36. figs 9 a and 9 b
, and wood-

cut, p. 428.) Throughout two thirds of the circumference, or that portion of it where

the strata are not much inclined, the outer ridge, consisting of the Ludlow rocks, is

unbroken by any deep transverse fissures. Slight depressions called " cockshoots," alone

separate the higher points of the ridge from each other. Hence the water descends

from all this part of the escarpment into the centre of the valley. These " cockshoots "

mark the rudiments of transverse valleys, and have been occasioned by minor faults or

dislocations which have proceeded neither deep enough nor far enough to produce com
plete gorges

1

. Had this symmetrical and elevated margin been without deeper breaks,

1 See other accounts of these rudimentary transverse gorges, p. 349.
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the lower parts of the valley would be now covered with water, which could only escape

when sufficiently high to issue through one of these cockshoots, and the central dome

of Haugh Wood would, under such circumstances, be an island in the centre of a lake.

Such a condition of things, if it ever existed, was, however, long ago completely changed

by the opening of three, deep, transverse gorges, through the south-western segment

of the encircling ridges. The largest gorge or that of Mordiford, is traversed by the

Pentelow brook, the chief line of drainage of the valley, and the two smaller gorges, by

the rivulets of Fownhope and Sollershope, all feeders of the Wye.

It is hardly possible, indeed, that masses composed of hard and stony matter could

be brought into their present ovoidal forms, and arranged with a qua-qua versal dip,

without being subjected to great transverse breaks ; for if, as we have seen, even the

straight ridges of other tracts, have been affected by dislocations more or less at right

angles to their line of bearing, how much more is it to be supposed, that masses of

similar rock cannot have been elevated in circular or elliptical forms, without great

fractures of the strata ! Thus, as might be expected, transverse breaks and faults are

observable in the surrounding rocks at many points, the existing ovoidal mass being

made up of a number of separate pieces, the ends of which were once united. (See

map with this chapter.) The greatest convulsions have taken place near the north-

eastern turn of the valley, in the Dormington Woods. The Wenlock limestone there

ranges in a regular escarpment, the beds dipping north and N.N.E. for the most part,

at a slight inclination ; but in one place they are thrown down at an angle of 35°

;

whilst at the end of the wood the strike is reversed to W.S.W., and the beds are pitched

abruptly to the south-east. From that point to the north of Fownhope, a distance of

nearly two miles, we lose all traces of the Wenlock limestone. This is the only portion

of the ellipse, where a large mass of any member of the series is wanting, and the effect

is naturally referrible to very powerful dislocation, followed, as will be hereafter

pointed out, by denuding currents of water.

The chasm of Mordiford is, indeed, a considerable fault, as shown, not only by the

great disruption and loss of the Wenlock limestone, but also by the discrepancy

of inclination and direction of the Ludlow rocks, on the opposite sides of the gorge.

Between Stoke Edith and Mordiford, these rocks are thrown into broken hilly

masses, describing upon the whole a curve, the effect of various breaks and upcasts,

many of which may be observed in the beautiful wooded grounds between Stoke Edith

Park and the escarpment of Backbury Hill ; or on the outer slope of these rocks near

Dormington, Priors Court, &c. At Mordiford the Ludlow rock dips 40° north-west, but

on the south side of the defile of the Pentelow brook, the same strata project into the

narrow ridge of Westwood and Fownhope Park wood, several hundred yards to the west

of the line of bearing of the Mordiford rocks, and in a new direction. These beds dip

60° and 65° to the W.S.W.; and, finally, incline to the south-west as they pass from

Fownhope to Lindels, where they are last seen.
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The Wenlock limestone, the traces of which are lost for so great a distance near

Mordiford gorge, reappears in a narrow ridge near Fownhope, where through the

high inclination of the strata, it is brought much nearer to the overlying Ludlow

rock than on the opposite side of the valley. Hence this western side of the elevated

mass is of less width than the eastern, (see Map and Sections.)

At Fownhope, this limestone and the Ludlow rocks have been fissured by the trans-

verse break, through which the little brook escapes to the Wye. This is the second

drainer of the Woolhope valley, and though not exhibiting the same amount of denu-

dation as the larger gorge of Mordiford, it presents some remarkable dislocations.

Thus, on the right bank of the brook, the Wenlock limestone occupies an oblique

position, imconformable to the external zone of Ludlow rock, dipping at an angle of

25° to 30° ; while on the opposite bank, the same limestone is thrown up to an angle

of 70°, the broken ends of a once continuous mass being separated by about 150

paces. (See Map.) This appearance of a lateral shift is thus accounted for, by the

higher angle of inclination in the advanced mass. From this point to the extremity of

the sharp limestone ridge called the Common Hill, several fractures may be seen, by

one of which the rock has been snapped off and placed at right angles to its ordinary

bearing. The third brook is that of Sollershope, which also flows through a crack in

the surrounding strata, but does not present phenomena of equal interest to those of the

gorges at Mordiford and Fownhope.

We thus ascertain, that the encircling formations of the valley of Woolhope, have been

thrown into an elliptical position, by forces that have broken a chain into many separate

masses, which, though still sufficiently connected to form what may be termed ridges,

are so far disjointed as we might suppose solid strata to be, which, having once been con-

tinuous, and in positions more or less horizontal, had been violently extruded by a force

acting from beneath and propelling them outwards from a common centre. The greatest

intensity of this force has evidently expended itself in the north-western and south-

western sides of the ellipse, elevating the strata to considerable heights, and heaving

them into sharply inclined and broken ledges. These results cannot be contrasted with

the form of the opposite segment of the ellipse (where the beds being slightly inclined

are unbroken) without admitting, that the amount of transverse rupture has in each

instance been commensurate with the degree to which the strata were elevated. As the

intensity of elevation diminishes to the south-east, the older or central formations suc-

cessively diminish in height, and the younger deposits approach and fold over each

other ; so that while the opposite ridges of limestone unite in a low hillock at Lindels,

the overlying Ludlow rocks are confluent in the hill of Oldbury. Extending from this

point to the S.S.E., and flanked on each side by Old Red Sandstone, this ridge of Ludlow

rocks appears like a stalk attached to the pear-shaped mass of Woolhope, (See Map.)

In the next chapter we shall trace the prolongation of this axis of elevation along the

narrow ridge or stalk alluded to, as it proceeds to May Hill, and is thence extended

to Tortworth in Gloucestershire.
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Modern Dislocations.—Landslips.—The Wonder.

Passing from the great dislocations of former periods, let us now consider the minor

ones of modern date which come under the name of landslips.

The Upper Ludlow rock is strikingly laid bare at several points on the left bank of the Wye,

particularly above the high road from Hereford to Ross, in the woody hills of Fownhope Park, and

at the brewery, where the high angle of inclination, 65° to 70°, occasions at this day considerable

slips of the beds into the low ground beneath.

The most striking example, however, of the sliding down of one mass of strata upon another,

occurred on the eastern side of the valley of Woolhope, near the village of Putley, and on the ex-

terior slope of Marcle Hill. Our ancient chronicler Stowe has given a most portentous account of

the phenomenon, which is thus described by Camden, vol. ii. p. 443. "Near to the confluence of

the Lugg and Wye to the east, a hill called Marclay Hill, in the year 1575, rose as it were from

sleep, and for three days moved on its vast body, with an horrible noise, driving every thing before

to an higher ground, to the great astonishment of the beholders, by that sort of earthquake I sup-

pose, which naturalists call BrasmatiaV On visiting the spot I found the phenomena to be similar

1 Fuller says, " the field moved was twenty acres, and that it travelled fourteen hours, and ascended eleven

fathoms up hill, leaving a chasm 400 feet wide and 520 long." Baker, in his Chronicle, gives a much more

marvellous account. "In the 13th Queen Elizabeth a prodigious earthquake happened in the east parts of

Herefordshire, at a little town called Kinaston. On the 17th of February, at six in the evening, the earth

began to open, and a hill with a rock under it, making at first a great bellowing noise, which was heard a great

way off, lifted itself up and began to travel, bearing along with it the trees that grew upon it, the sheepfolds

and flocks of sheep abiding there at the same time. In the place from whence it was first moved, it left a

gaping distance, forty feet broad and fourscore ells long, the which field was about twenty acres. Passing

along, it overthrew a chapel standing in the way, removed a yew tree standing in the church-yard from the west

to the east. With the like force it thrust before it highways, sheepfolds and trees, made tilled ground pasture,

and again turned pasture into tillage. Having walked in this sort from Saturday evening till monday noon it-

then stood still."—This spot is still called " the wonder."

Drayton notices it thus,

" But, Marcely, grieu'd that he, (the neerest of the rest,

And of the mountain kind) not bidden was a guest

Vnto this nuptiall feast, so hardly it doth take,

(As, meaning for the same his station to forsake)

*Inrag'd and mad with griefe, himself in two did rive :

The trees and hedges neere, before him up doth drive,

And dropping headlong downe three daies together fall

:

Which, bellowing as he went, the rockes did so aphall,

That they him passage made, who coats and chappels crusht,

So violentlie he into his valley rusht."

* " Alluding to a prodigious division of Marcle Hill, in an earthquake of late time (cio.d.lxx.v), which most

of all was in these parts of the island."—Drayton's Polyolbion, book vii. p. 105. Ed. London, 1622.

The notes in this best edition of the Polyolbion were by the famous John Selden. My friend the Rev. T.

T. Lewis, who called my attention to old Drayton, begs me to refer my readers to the whole passage describing

the marriage of the Wye and more lovely Lugg.
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to many ecroulemens of Alpine tracts. Dislocated masses of the Upper Ludlow rock, in all amount-

ing to about 20 acres, still attest the extent of the calamity, by exposing gaping fissures between

them. Some of the masses have slid so gradually and equably as to preserve the angle of inclination

of 12° or 15° which they had before they broke away from the parent mass, and these have trees and

grass growing luxuriantly on their summits. Others have been thrown upon their edges into in-

clined positions. The broken rocks have advanced, however, but a very short distance upon the

ground below them, and the slip is therefore quite insignificant, when compared with the " ecroule-

mens " of the Alps, nor is it by any means so striking as the slip of the Palmer's Cairn near Lud-

low. (See wood-cut, p. 248,)

As the strata are slightly inclined in the adjoining ridge, or in that portion of it from which this

mass has been detached, it is more difficult to imagine why the subsidence should specially have

taken place at this point
;
though a consideration of the structure of the Ludlow rock will facilitate

the explanation. It has been before remarked, that it is a common feature of this rock to be split

into lozenge-shaped masses, by joints which are more or less vertical to the surfaces of the strata.

We have only to imagine this mass of Ludlow rock replaced in its former position, with several such

cracks at its upper extremity, and that water descending from the ridge above, and percolating

for ages through the apertures, gradually washed away some underlying, perishable way-boards.

We can then readily suppose, that having been so far loosened, it would, upon some slight exciting

cause, slide down into the valley beneath. An unusual flood, the breaking up of a long frost, or

other ordinary atmospheric changes would in such a condition of things be quite adequate to pro-

duce this "wonder," particularly in this district, where the lower grounds consisting of soft clays

near the junction with the Old Red Sandstone, are very likely to have given way, and thus to have

aided the descent of this mass of rock.

The explanation previously given of similar phenomena in the neighbourhood of

Ludlow, may, indeed, be applied to this and all other slips in rocks having the same

structure. Owing to the broken condition of the strata, I could not detect beneath the

dislocated mass a layer of unctuous shale or fuller's earth which might have facilitated

its descent on the inclined plane in the manner before suggested ; but I have little doubt

that such "Walker's Soap" existed, for it abounds in the Ludlow formation of this

neighbourhood, and is largely extracted for economical uses at Shucknell Hill
1

. (See

Map.) I have minutely described this, because although noticed by foreign writers
2

, it

has escaped the observation of native geologists. We now learn, that so far from being

an isolated phenomenon, it is one of frequent occurrence in the Upper Silurian rocks,

resulting naturally from their structure and position.

In the account given of the old chroniclers, no part seems less intelligible, than the

1 Shucknell Hill, distant only two miles from the northern edge of the Woolhope elevation, is a distinct

Silurian mass surrounded by Old Red Sandstone and composed exclusively of Ludlow rocks, the calcareous or

central band of which (representing the Aymestry limestone) is exposed in sharply inclined strata and largely

quarried for road making. The major axis of Shucknell Hill is from W.S.W. to E.N.E., and therefore at right

angles to that of Woolhope, and is coincident with the remarkable trap dyke of Bartestree described pp. 185

and 186.

2 Bertrand, Revolutions du Globe, Paris. The account is taken from the old English writers.
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description of the rock moving up hill. This may, however, be explained, by supposing

that the phenomenon was seen by persons who fled from the lower grounds, and looked

back to the scene of dislocation. The first descent of the disrupted rock might easily

escape their notice, whilst its long continued effects in forcing up mounds of the soft

earth, against which it was pressing, might, when viewed from beneath, produce the

appearance of a rising of the whole mass.

Denudation of Woolhope Valley.

To return to ancient phenomena.—The denudation of the valley of Woolhope appears

to be the natural result of such an elevation, from a common centre, as we have been

considering. Shut out by an encircling ridge from the region of Old Red Sandstone,

we should hardly expect to find within its area, any fragments of rock transported from

surrounding places, and this is strictly true ; for there is not a trace of boulders or

gravel derived from the Malverns or adjacent chains. Insulated, however, as this mass

of Silurian rock now is, it must at one period have been covered with the Old Red

Sandstone which surrounds it, and through which it has been forced up. Now if this

extrusion had been brought about by a succession of small upcasts, we should naturally

expect, that some detritus of the overlying strata would be found within the central area

;

that some fragments of the Old Red Sandstone and Ludlow rocks would be lodged in the

depressions encircling the inner dome. Such, however, is not the case, for the valley is

one of clean denudation, there not being within it a fragment of such rocks, any more

than debris foreign to itself. When, however, we reflect upon the nature of the

elevation, we see in it the inevitable result of the same powerful operations which have

produced the form of the valley. For whether we embrace the hypothesis of a

sudden expansion or of a number of shocks, we are compelled to call into play the

action of currents, both violent and long continued, to explain satisfactorily the great

extent of erosion ; and when we see that excavation has proceeded so far, as to groove

the broad channels which surround the central dome, and to carry away large portions

of the associated rocks, why should we expect to find even a trace of the wreck of over-

lying strata, which must have been removed, before the work of denudation could com-

mence upon the inferior deposits ?

If, however, no detritus be observable within the valley, we no sooner issue from it at

Mordiford, where the only gorge of magnitude opens into the low country, than we meet

with accumulations of conglomerate and gravel. These materials have all been derived

from rocks belonging to the valley, including finely comminuted materials of the Old

Red Sandstone. Such accumulations are cut through to a considerable depth in the

road from Mordiford to Fownhope, and are spread out near the mouth of the gorge.

In like manner, similar detritus is lodged upon the external slope of the elevated tract,

frequently obscuring the junction of the Upper Ludlow rock with the Old Red Sandstone.
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We thus perceive, that the interior of the valley of Woolhope has been entirely

denuded of the enormous mass of loose materials, which must have resulted from the

breaking up of strata with which it was once occupied ; an effect which appears inex-

plicable, if sudden and violent elevations be not admitted as causes, which may have

produced submarine tides or currents, adequate to sweep away such debris. Nor can

we look to the transverse chasms, from which large masses of rock have been torn,

without feeling certain, that in no former condition of things, could the streams which

now flow, have disembarrassed the gorges of so much detritus.

The observations explaining the position of the remarkable outlier of Pen Cerrig

Calch, pp. 163—4; those on the denudation of a Silurian group near Usk, p. 441
;

and the concluding chapters on drifted and alluvial matter, must also be consulted.

I regret that the description of so picturesque a tract should not have been illustrated by a sketch, the more

so as I have been informed (though too late for my object) that some of the most beautiful scenes around Stoke

Edith Park have been delineated by Lady Emily Foley. The finest points of view are those from the tops of

Seager Hill and Backbury Camp ; the latter in particular commanding the whole valley of Woolhope, with May
Hill appearing in the distance.
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CHAPTER XXXIII.

SILURIAN GROUPS OF USK AND MAY HILL.

1 . Usk Valley ofElevation, consisting, like that of Woolhope, of the Ludlow, Wenloch

and Caradoc Formations. (PL 36. figs. 23 and 24.)

2. Prolongation of the axis of Woolhope, by May Hill to Purton and Tortworth

in Gloucestershire. (PL 36. figs. 11, 12, 13, 14, 14 bis, 15 and 16.)

BEFORE we trace the remarkable anticlinal line
1

, which proceeding from the south-

eastern end of the valley of Woolhope, passes by May Hill into districts east of the

Severn, let us first dispose of the only Silurian tract to the west of that river, which

has not been described.

This tract comprises a group, which rising from beneath the Old Red Sandstone of

Monmouthshire, near the town of Usk, constitutes an irregularly shaped elliptical valley

of elevation, of about eight miles in length by four in width ; the major axis trending

from Clytha on the N.N.E., to Llangibby and Llandegfydd on the S.S.W. The group

is bisected by the river Usk, which after traversing the Old Red Sandstone, enters these

rocks by a fissure at the Chain Bridge, having the Cliff called Craig pandu on the

one hand, and the lower grounds of Kemeys and Trostrey on the other. After winding

in a denudation, the river again exposes similar rocks in the Hills of Llancayo and the

Castle of Usk on the left bank, and in the ridges of Llanbadock upon the right.

Ludlow Rocks.

The Ludlow Rocks are very largely developed upon the left bank of the river, and form the

hills of Usk Castle, Llancayo, Trostrey and Clytha. At Usk Castle is a clear section of the

Upper Ludlow Rock, showing its passage into the Old Red Sandstone ; and the lower perishable

strata of the same formation are well exposed on the east side of the high road leading to Aber-

gavenny. The flaglike beds of the Upper Ludlow have the faces of their joints occasionally dis-

coloured with a deep red tint, which I have never observed in any other portion of the formation,

the purple or black oxide being the prevailing ore of iron which stains these rocks in Shropshire.

1 The southern portion of this anticlinal is marked in the map accompanying the memoir of Dr. Buckland

and Mr. Conyheare. (Geol. Trans, vol. i. pi. 38.)
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All the organic remains, however, agree with those in the cliffs of the Teme at Ludlow, there

being scarcely one characteristic Salopian specimen which is not to be found here. As this and

some promontories on the other bank of the Usk are the most southern points in England, at

which the Ludlow Rocks are well developed, it is highly important to observe their uniformity

of structure, and also that the uppermost strata here pass with equal conformability into the Old

Red Sandstone, as in Shropshire and Herefordshire, &c. The extreme northern point of this upper

rock is at Clytha Pitch, where it is cut through by the high road from Monmouth to Abergavenny,

and where the strata, dipping 10° or 12° to the south-west, are charged with many casts of

fossils. There is not here the same clear junction with the Old Red Sandstone as at Usk Castle,

the lower slopes of the hills being covered with gravel. Any transverse section of these hills, a mile

or more to the south of Clytha Pitch, affords, however, clear evidences of the overlying succession.

Thus, in proceeding from Ragland directly across the ridge to Trostrey Lodge, flaglike strata of

Old Red Sandstone rise up at Rhiwlais and Tylochor, and dip from the underlying mass of the hill,

which at Bettws is a yellowish thin-bedded sandstone, the equivalent of the Downton Castle free-

stone, p. 197. These beds are there distinctly underlaid by dull grey Ludlow Rock, in which many

of the best known fossils abound, including numerous Orthoceratites. (See PI. 36. f. 23.)

The chief interest in this group, is in the hilly tract upon the right bank of the Usk. Com-

mencing with the ridge and church of Llanbadock, we trace with perfect precision the outline of

the grey land, in marked contradistinction to the surrounding envelope of Old Red Sandstone, the

Ludlow Rocks rising along the line of separation into a distinct chain of hills, of heights varying

from 300 to 500 feet. At Llanbadock, the Upper Ludlow Rocks are arched, and plunge south-

eastwards into a plain of Old Red Sandstone at angles of 60°; some of the lower strata which are

strong bedded and calcareous, and of an indigo colour, clearly occupying the place of the Aymestry

Limestone. The upper beds are full of the Serpuloides longissima, Cypricardia amygdalina,

and other fossils. At Llangibby, the modern mansion stands upon the Old Red Sandstone, but

the Ludlow Rocks ascend from beneath it into picturesque and wooded hills. The Darran, a rugged

crag on the S.W., exposes many of the shelly beds, in some parts highly calcareous. Passing by

Slovad's Wood, the same rocks expand over Maesmawr, and are completely developed in the Panta

dingle, where the beds conforming to the qua-qua-versal dip of the central mass, are inclined to

the west at an angle of 10°. This is perhaps the best point within the area of the Silurian group,

where a clear succession is exhibited of all the strata, from the older formations which occupy the

centre of the ellipse in Glasgoed and Prescoed Commons, to the Old Red Sandstone, and even to the

carboniferous strata. Being within two miles of the edge of the great coal basin of South Wales, we
may thus examine, within a distance of five or six miles, the representatives of all the strata between

the productive coal and the Caradoc Sandstone. (See Section, PI. 36, f. 23.) The Ludlow Rock, in

this little gorge, is slightly calcareous and traversed by veins of pink calcareous spar, and in one

part its beds are separated by a band of pure white, unctuous clay, like the "WT
alker's soap" of

Salop and Hereford. (See p. 204.)

Fossils abound, including Terebratula Wilsoni, and some corals, while the beds beneath the

hard stone are loaded with the Asaphus caudatus, Productus depressus, &c. The overlying strata,

mounting into the hills above Llanfihangel, dip 20° west ; and some of the highest beds, like those

of Downton Castle, pass into the Old Red Sandstone, being yellowish, thinly laminated sandstones,

and containing, together with the Leptcena lata and other Salopian fossils, the small orthoceratite

of the junction beds in the Cwm Dwr, Caermaerthenshire. (See p. 181, & PI. 34. f. 1.) The Lower
Ludlow Rocks, on the right bank of the Usk, appear in great thickness in the escarpment of the
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Llaiigibby Hills, particularly in the steep descent from the "high beech" to Prescoed, where the

perishable mudstone is many hundred feet thick. The rocks of this formation occupy, on the

whole, the highest hills of this Silurian tract, and, like those of Woolhope Valley, are excavated

deeply at their escarpment, leaving a valley between them and the Wenlock Limestone, the next

hard rock in descending order.

" Wenlock Limestone.'
3

This limestone constitutes a low narrow zone, which circling in pretty regular curves for two or

three miles in the southern portion of the tract folds over the Caradoc Sandstone of Prescoed Com-

mon, and dips at low angles to the east, south-east and south, beneath the Ludlow Rocks. After

an interval in which the limestone is not distinctly traceable, it reappears in a very prominent ledge

of about two miles in length, forming the eastern side of Glasgoed Common, along which it has

been extensively quarried, the beds dipping to the west at angles of 8° and 10°, and passing under

the Lower Ludlow Rock.

The limestone has the same characters as in Shropshire and Herefordshire. We perceive the

same small concretionary nodules of impure limestone, here called "bowls" by the workmen,

passing down into hardish, dull, earthy limestone, or calcareous grit, which sometimes alternates

with courses of whitish yellow clay, and is underlaid by a subcrystalline encrinite limestone, thinly

bedded in the upper but thickly in the lower part. In some places the strata composing the

latter have a considerable thickness, and are occasionally mottled pink and greenish grey, in which

cases they are undistinguishable from certain beds near (Easthope) Wenlock Edge. A fine section

of the thick bedded grey limestone is exposed in the quarries of Cil-na-caya, the strata dipping 25°

beneath the hills of Ludlow Rock, and containing many good fossils.

The lower shale is here clearly seen beneath the limestone, and weathers to the same light ashen

colour as in Salop. The analogy with the Shropshire beds is completed, by finding many large con-

cretions or "ball stones" ten and twelve feet thick, which swell out suddenly and throw off the

strata either abruptly or in undulations, as shown in the figures (pp. 210 and 211), for which reason

the workmen here term them the " old horses," meaning thereby, that the regular beds ride athwart

them. In these " ball stones " the limestone is as crystalline as inWenlock Edge, and contains many

specimens of "chain" coral and other characteristic fossils.

" Caradoc Sandstone."

The Caradoc sandstone constitutes the nucleus of this tract, and occupying the dome-shaped

mass of Prescoed Common, and the Hills of Cilfigan Park and Bryn Craig, dips on all sides

beneath the Wenlock Limestone. Tentaculites and circular ferruginous casts of crinoidal stems,

mark the surfaces of these thin bedded sandstones, in the same manner as on the eastern slopes

of the Caradoc Hills. The escarpment of Bryn Craig explains clearly the relations of these beds :

they there dip under the Wenlock Limestone of Glasgoed, a very thin mass of shale being inter-

posed ; whilst in the descent to the Tucking Mill, they are underlaid by a considerable thick-

ness of shale, which weathers to a light colour and forms a cold soil. This shale is a local

peculiarity in the mineral structure of the formation. It is, however, to be observed, that as

they are here but slightly developed, they may represent those beds described at the base of the
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Horderly Section (p. 220), and in a similar position near the south-western termination of the

Malvern Hills, (p. 416). If they were found to contain the Asaphus Buchii, these beds would at

once be considered Llandeilo flags
1

. The sandy flagstone is also visible in the high grounds of Cefn

Isla, and is, apparently, thrown unconformably against the superior formations, in the ridge opposite

the town of Usk ; but there the quantity of wood and the absence of clear sections, coupled with

reversed dips and dislocations, prevent accurate observation. In like manner a patch of impure

limestone occurs in the hill above Rudor Farm, and seems to be associated rather with the Caradoc

than the Wenlock formation, for it is thrown off upon the side of a low hill, in which are certain thin

bedded sandstones. (See Map.)

On the whole this tract is of high geological interest. It is, indeed, the most

southern point of Great Britain, where a passage from the Silurian Rocks into the Old

Red Sandstone can be studied. Geologists, therefore, who cannot travel to those parts

where the best types exist, may, it is hoped, be induced to visit a district which is also

attractive, on account of its ruined castles and picturesque features
2

.

Rising into concentric ridges, which are separated by deep intervening hollows and

circle round a common centre, the strata are instructively laid open by many transverse

breaks, and dip to nearly every point of the compass, at angles varying from 5° to 70°.

There are also some good examples of the folding over of strata, particularly in the

Ludlow Rocks above Llangibby, where small patches of Old Red Sandstone are pro-

duced in upland troughs, distant from the principal mass of the formation.

A great body of coarse gravel, which will be adverted to in subsequent chapters, is

spread over the surrounding country, while no debris occurs within the central area

;

and hence it is inferred that this valley has been denuded by the same process as that

of Woolhope (p. 436)
3

.

In concluding the sketch of this group, it may be further observed, 1st. That the

river Wye flows through a great fissure, transverse to the axis of the group. 2ndly.

That this tract having been thrown up in close contiguity to the coal-basin of South

Wales, its axis (from N.N.E. to S.S.W.), though parallel to the adjacent portion of the

margin of the coal-field, is nearly at right angles to the major axis of the South Welsh
coal basin, which trends from west and by north to east and by south.

1 Though I examined these black shale beds in an excellent section (Bryn Craig) without detecting organic

remains, the weather on that occasion was so unfavourable, that I should not be surprised if other observers

were more fortunate.

2 Ragland and Usk. The latter place is a favourite resort of the angler. (Read Sir Humphrey Davy's Sal-

monia, and do not pass by the sign of the Three Salmons, an excellent inn.)

3 This observation applies only to the central part of the elevated tract, which dips from the common centre

of Prescoed Common on the right bank of the Usk. The Hills of Trostrey and Clytha, and the higher plateaux

of Ragland, Penrose, &c„ are nearly as much obscured by gravel and even by heavy boulders, as the low
grounds adjacent to the river. (See Map and concluding chapters.)
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May Hill.

Prolongation of the axis of Woolhope by May Hill, to Purton and Tortworth in

Gloucestershire.

The Silurian ridge which forms the south-eastern termination of the valley of Wool-

hope, ranges by Oldbury Hill to the eastern side of Upton Bishop, exposing grey, inco-

herent and naglike strata of Ludlow Rocks, flanked by Old Red Sandstone.

At Yeaton the beds dip 35° to the W.S.W., but to the south the line of elevation becoming

less distinct, at Chibler's Hill they are inclined only 8° or 10° to E.N.E. Beyond Upper Tedge-

wood they are no longer traceable 5. for between Linton Wood and Queen's Wood, these Upper

Silurian Rocks rise in dome-shaped masses from beneath the clays of the Old Red Sandstone.

In Linton Wood, ferruginous sandstone overlies beds of earthy grey limestone, some of which

are burnt for lime, and from their position and fossils are presumed to be the equivalent of the

Aymestry Limestone. Light coloured sandstone, sometimes almost white and occasionally mica-

ceous, generally constitutes the upper ledge of these rocks. Such beds are well seen at Clifford's

Mine, in contact with the Old Red Sandstone. On Gorstey Common, one of the domes alluded

to, are very extensive quarries, which show this sandstone passing down into a dark grey, sandy,

argillaceous rock, with casts of some of the Ludlow shells, underlaid by two remarkably hard

beds of calcareous grit, nearly one foot thick each, called "pitching stone" and "hone stone,"

which again are succeeded by fifteen or twenty feet of beds, sufficiently calcareous to have been for-

merly burnt for lime. Other quarries, north of the great road from Ross to Newent, expose grey,

flaglike beds of genuine mudstone, with concretions of argillaceous limestone. Up to this point

the Ludlow Rocks only are apparent, but in approaching May Hill we meet with two broken

lines, along each of which masses of the Wenlock limestone have been thrown up ; the one ranging

by Aston Ingham being a simple band, the beds of which are in a vertical position, striking

15° east of south, and containing many characteristic shells and corals. The other, in Ristley

Wood, includes several masses of the same rock thrown about with discordant strikes and in-

clinations, in one part dipping 45° east, in another 65° W.N.W. Some of these masses on the

sides of Ristley Wood, are of the same red colour as the Wenlock limestone of Clencher's Mill

near Ledbury, and are subordinate to shale, containing many small concretions of impure limestone.

Near a spot called the New House Farm, where the strata are much contorted, and thrown into

a south-easterly direction, it is a fine, crystalline, light grey limestone, highly charged with encrinites,

corals and shells.

Advancing to the south-east, and ascending the arid elevation of May Hill
1

, 965

feet above the sea, we find ourselves upon red-coloured Caradoc sandstone, filled with

1 I recommend every traveller who may be near it to ascend May Hill, from the summit of which he will

enjoy a panoramic view not inferior to any in Great Britain. The Severn, meandering through rich plains, is

seen to expand into its magnificent estuary, landlocked by the Cotteswold, Mendip, Quantock and Devonian

Hills ; while to the N.E. and N.W., the rich and undulating expanse of the central counties, is beautifully con-

trasted with the sharp outline of the Malverns, and the sombre distant masses of the Welsh Mountains.
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casts of characteristic shells, the beds being quite undistinguishable from those described

in Shropshire. (See p. 216, et seq.)

The Caradoc sandstone of this hill, including its south-eastern prolongation, Huntley

Hill, &c, throws off for some distance bands of younger Silurian strata on each side.

On the north-eastern face, these strata prolonged from Bistley ridge, are spread over

Rawtrings Wood near Huntley, folding round and covering the grit and sandstone of

Plantation Hill. These are only thin courses of impure limestone and shale, with

shells of the Wenlock shale, and they are best seen in the descent to Glass-house Green,

where they are flanked on one side by the clays of the Old Red, and on another by the

New Red Sandstone.

The ridges on the western face of the hill are the prolongations of the calcareous zone

of Aston Ingham, which expanding as it approaches May Hill, exhibits, for three or

four miles, a regular ascending order, from the underlying Caradoc Sandstone, through

the Wenlock and Ludlow formations, to the Old Red Sandstone. This succession is so

perfectly exhibited on the sides of each of the great roads which, traversing the central

ridge, descend into the vale of Longhope on the west, that I specially invite attention to

the section (PL 36. f. 13.) as exhibiting a good development of the Caradoc Sandstone,

and particularly of its passage upwards into the Wenlock limestone, through argilla-

ceous and calcareous strata of great thickness. These beds of passage between the

sandstone and the shale, contain a large proportion of calcareous matter. Where the

lower strata become flaglike, and consist of thin courses of impure limestone, they

are the equivalents of the central limestone of Woolhope, and, therefore, the up-

permost part of the Lower Silurian Rocks. All the overlying shale, filled in great

measure with concretions of argillaceous limestone, must be classed with the Wenlock

formation.

The Ludlow Rocks form a second ledge, in the descent from Hobbs to the valley of

Longhope, where, although they only represent that formation in miniature, their upper

portion is marked by the Leptcena lata, and other characteristic shells. A band of

impure sandy limestone, charged with the Terebratula Wilsoni, and consequently the

equivalent of the Aymestry limestone, occurs near the centre of the ridge.

In the transverse section from Dursley Cross to the valley of Longhope, the lower beds dip

away from the nucleus of May Hill at angles of 45° and 50° to the W.S.W., the dip decreasing in

the outer ledges, so that the Wenlock limestone is inclined 35°, and the Ludlow rocks only 20°

towards the same point. (See Section, PI. 36. f. 13.)

A parallel transverse section from Little London, at the side of Huntley Hill, to the valley of

Longhope, across the end of Blaisdon Edge, shows the same succession, with still more instructive

examples of the red beds of Caradoc sandstone, filled with casts of many distinguishing fossils.

The ledge of Wenlock limestone can be followed with precision, standing out by itself with a

valley on each side, just as in the Wenlock Edge or in the vale of Woolhope ; the same soft shale

having been similarly denuded. As in other places, these masses, after preserving a straight
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course for a mile or more, are snapped through by transverse faults, and often change their di-

rections. The high road to Ross passes through one of these breaks, on the north side of which
the mass of limestone called "the Rock" is thrown over with great curvatures, dipping south,

west and east ; whilst on the south side, the thick-bedded limestone with " ball stones/' and over-

lying small concretions, dips 40° west, or west -south-west. Near this disturbed spot, the few beds

of Ludlow Rock which are visible, are unconformable to the Old Red Sandstone 1
.

Another transverse fault is exhibited in the sides of the road leading from Little London to

Mitchel Dean, where it passes through the limestone ridge of Blaisdon Edge, and the strata being

broken off, are diverted from their south-easterly course, a little to the west of south. At the

southern extremity of this ridge, is another and more deeply seated crack, through which the

Longhope brook, after having defiled for some miles along the outer zone of the Silurian Rocks, is

suddenly deflected, and escapes through the gorge to the Severn. From this point, the whole

system gradually tapers away into one low ridge, on the eastern side of Flaxley Park.

Besides the shelly beds, principally reddish sandstone of the Caradoc formation, the hills of May
and Huntley contain still lower masses of very hard grit, some of which are singularly convoluted

and of peculiar structure. These may be well observed on the sides of the high road between

Huntley and Dursley Cross. (See section, PI. 36. f, 13.) In proceeding from the village of Hunt-

ley, the cuts on the north side of the road have laid bare these grits, which burst out abruptly from

the plain of New Red Sandstone in almost vertical strata, sometimes indeed converging round a

nucleus, and reminding the observer of the concretionary quartzose grits of the Cambrian rocks.

Occasionally they have almost a trappean aspect. Other hillocks, on the left of the road, consist

of hard dark grey sandstone and purple schist, folding round compact sandstone and fine-grained

greenish grit. The axis of these hillocks points 12° west of north, and the mantling strata dip

under coarse ferruginous grits almost conglomerates. Although the latter are clearly surmounted

by red sandstone containing Caradoc shells, yet as I could not observe a conformable junction, I

am not certain that the underlying masses strictly belong to the Lower Silurian Rocks.

In following the axis of this ridge to the south, through the centre of Huntley Hill,

it is interesting to observe the termination of the Silurian rocks at Flaxley, where they

are reduced to a sharp point of Ludlow rock, not exceeding thirty paces in width, and

cut through by the high road from Mitchel Dean and Longhope to Gloucester and

Newnham. These are flaglike, greenish grey beds, in parts calcareous, probably be-

longing to about the middle part of the Ludlow formation, containing imperfect casts

of fossils, the strike being 10° or 12° to the west of north, as in the central mass of

May and Huntley Hills, and the dip 50° to 60° to the east. (See Map and PL 36. f. 14.)

This inclination is in an opposite direction to that of the Silurian strata of Blaisdon

Edge and Flaxley Park, thus marking the continuance of a true anticlinal ; whilst the

line of springs and ponds between the park and this detached hillock, marks another

1 It was doubtless the appearance at this spot which lead Mr. Weaver to suppose, that the transition rocks

were generally unconformable to the Old Red Sandstone, a conclusion it was natural he should adopt, (as will

presently be shown) from the stronger evidences of their discordance exhibited at Tortworth, the district

he had selected as a type. (Geol. Trans., vol. i. p. 354. PI. 29, f. 4.)
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of those transverse faults alluded to. It will be further observed that the mass broken

off to the south of this fault acquires a slight change of strike.

The ending of the May Hill ridge in a single narrow point at Flaxley, is analogous

to the terminating point of the anticlinal at Corn-y-fan in Brecknockshire. (See p. 338

and wood-cut.) In both cases the narrow form of the uplifted mass, precludes the

possibility of its exhibiting a perfectly symmetrical outward dip, one side being brought

abruptly against the edges of the overlying strata. There is, however, this difference

between the two cases : that of Corn-y-fan indicates the elevation of the uppermost

beds of the Silurian System, which on one side, as well as at the point of the anticlinal,

pass gradually and conformably into the Old Red Sandstone ; whilst the rock at Flaxley

is a sharp wedge, rising unconformably through the surrounding rocks, with which it

is not connected by any beds of passage. This little boss of Silurian rock marks the

precise boundary line between the Old and New Red Sandstone, the relations of the

three formations being explained in the diagram. (PL 36. f. 13.) To the west of the

Silurian rock, the Old Red consists of deep red argillaceous marls, in parts spotted

green, in short, precisely a poikilite
1

,
undistinguishable from many marls of the New

Red. It contains small green and red concretions of hard marl, approaching to lime-

stone, and some thin flags of micaceous sandstone. Owing to its incoherent nature, the

stratification of this disturbed mass of Old Red Sandstone is not clearly marked;

but in one part it appears to dip under the Silurian rock, against which it is brought

by a longitudinal fault. On the east side, on the contrary, the New Red Sandstone,

consisting chiefly of beds of thin, flaglike marl of light green and dingy light red colours,

advances to the edge of the boss of Silurian rock, in strata inclined only a few degrees

to the east. These discrepancies of position are precisely what we should expect to find

;

the undisturbed condition of the new red marl clearly proving, that the anticlinal was

formed anterior to the deposit of the keuper or upper strata of the New Red Sandstone.

The boundary line between the Old and New Red Sandstone passes southward to the east of

Newnham, but its exact place is not always easily determinable, owing to the rounded outlines

and slopes of the hills. Having, however, the proofs at Flaxley, that the New Red has not been

thrown up along this line, all the lower grounds on the eastern side may, it is presumed, be com-

posed of that rock, though its surface is often much obscured by a thick spread of fragments of

Silurian rocks, Old Red Sandstone, coal grits, &c, derived from the adjacent districts. The two

parallel main roads to Coleford and Little Dean enable us, however, to mark the allinement with

tolerable precision. That leading to Little Dean has been cut through an arched mass of the Old

Red, near the junction with the New Red Sandstone, the beds of which dip sharply to the east and

west, and thus mark the continuance of the anticlinal of May Hill and Flaxley. Again, to the south

of this spot, the form of the land indicates the continuance of the line of dislocation, and near

a farm called Aram, thin-bedded grey Silurian rocks appear 2
.

1 See note on the term "Poikilite," p. 27.

2 This was first noticed by Mr. MacLauchlan, of the Ordnance Survey, in the geological map of the Forest

of Dean, to which I have already adverted, p. 80.

3 K
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These rocks rise into a narrow ridgy hill, and have been partially quarried. The beds are com-

posed of very slightly micaceous, flaglike, argillaceous sandstone, with thin courses of impure,

shelly limestone, which may have been the object of search in these quarries. Among the fossils

are Leptama lata, Terebratula lacunosa, Schlot. (plicatella Dalm.), together with the spiral uni-

valves Pleurotomaria corallii and Turbo corallii, Sec. 1

;
proving these beds to be equivalents of the

Upper Ludlow Rock and Aymestry limestone. The strike is 10° to 12° west of north, and the

dip 50° eastwards, precisely coinciding with Flaxley point.

The last-mentioned beds subside gradually to the south, giving to the little ridge the

elongated, ovoidal form represented in the map, the agricultural features of which are

prominently distinguished from the red lands environing it. Hence, to that point on

the left bank of the Severn, at which the anticlinal passes into the districts of Berkeley

and Tortworth, there is no further emergence of the Silurian rocks, though there are

spots along which the line of elevation is more or less indicated. One of these is marked

by the form of the high land to the north-east of Blakeney, and further by the arched

disposition of courses of impure cornstone. On the left bank of the brook, half a mile

east of Bideford, naglike, hard red sandstone is thrown sharply off to the west. Simi-

larly arched strata, dipping both to the east and west, are observed in the hills below

Haglow Court ;
and, lastly, when we reach the right bank of the Severn in the prolon-

gation of a line determined by the direction of these arched masses, we have evidence

of a perfect anticlinal in the Old Red Sandstone of the Milkmaid rock, about one mile

north of the ferry-house at Purton Passage as represented beneath. "This arch, the

prolongation of the anticlinal line, and the rise of the Silurian rocks in the Berkeley and

Tortworth districts, will be described in the ensuing chapter.

1 See observations on these univalves being enveloped by the same corals near Ludlow, and also on the Wye

near Builth, p. 312.

South. North.

96.

a. Cliffs of Old Red Sandstone on the right or west bank of the Severn, arching over at the Milkmaid rock.

b. Dome of Upper Silurian rocks rising on the left bank of the Severn.

c. May Hill seen in the distance (course of the anticlinal above described).



May Hill. Malverns.

Viewfrom Tortworth Terrace, looking toivards May Hill and the Malverns, from a sketch by Mrs. Murchison,

CHAPTER XXXIV.

ON THE ROCKS OF THE TORTWORTH DISTRICT (GLOUCESTERSHIRE).

General succession of strata, from the Inferior Oolite to the Lower Silurian Rocks.

—Inferior Oolite and Lias.—New Red Sandstone and Dolomitic Conglome-

rate.—CoalMeasures(unconformable to the overlying strata).— Carboniferous

Limestone.— Old Red Sandstone (peculiarities o/").

—

Silurian System.—
Small developments of Ludlow and Wenlock formations.— Caradoc Sandstone

clearly exhibited.— Trap Rocks all of intrusive character.—Altered and dis-

located deposits.—Strata elevated and thrown into anticlinal forms by the

outburst of trap. (See Map and PL 36. figs. 16 to 22 inclusive.)

PERHAPS no district of similar extent in Great Britain presents so many different

geological formations as the picturesque tract around Tortworth in Gloucestershire.

This district was first brought into notice by the researches of the Rev. Dr. Cooke,

Rector of the parish
1

. It next acquired a scientific repute through the memoir of

1 It is delightful to trace in the MS. maps and drawings of the venerable Rector of Tortworth (the intimate

friend of many of our early observers) the impress of much originality of thought and sound geological

views, long before this district was described by geologists. If country clergymen in general, occupied a few

of their leisure hours in acquiring a knowledge of the natural history of their neighbourhood, with as much

zeal as Dr. Cooke, the task of those who endeavour to group and generalize facts would indeed be lightened.

I speak with a grateful recollection of the kind assistance afforded me.

3 k 2
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Mr. Weaver 1 and that of MM. Buckland and Conybeare 2
. It was not, however, in the

power of any geologist at that day to describe correctly the order and succession of

the rocks, now called Silurian, from the diminutive and distorted features they dis-

play in this district. For although these rocks constitute a considerable portion of

the area around Tortworth, yet they are in many parts so ill exhibited, assume so

peculiar a mineral structure, and are in general so imperfectly divided into the forma-

tions composing the Silurian System, that it would be a hopeless task for any geologist,

even at the present day, who should here commence his observations on "Transition

Rocks," clearly to unravel their relations. Nature, indeed, has here presented us with

only an obscure miniature of those formations, the larger portraits of which must be

viewed in other districts.

The Silurian rocks of Tortworth, it will be observed, lie in the direct prolongation of

those which we have traced from the valley of Woolhope in Herefordshire, through May

and Huntley Hills, and which, subsiding beneath the Old Red Sandstone at Flaxley, re-

appear on the right bank of the Severn at one point only, viz., Aram. On the left bank

they rise '' en masse" at Purton passage, as represented in the foreground of the vi-

gnette p. 446, and expanding from that point stretch across by Berkeley, occupying this

part of Gloucestershire.

Before, however, I proceed to describe these older rocks, I may, on this occasion, be

permitted to deviate from the method hitherto followed in this work, and give first a

general sketch of the structure of the whole tract, offering a few words upon each

of the overlying formations by which it is so remarkably diversified. To have repeatedly

carried the reader from other parts of the work to this small tract, whenever allusion

was made to any one of the numerous rocks of which it is composed, would have

prevented the attainment of a clear notion of its complicated structure.

Taking the church of Tortworth as a centre, we see by the map, that this district is

made up of nearly every sedimentary deposit, from the Inferior Oolite to the Lower

Silurian rocks. The relations of all the strata, however, as might be expected in so

small a tract, are not clearly presented, still less the transitions from one group to

another. The very collocation of such a number of beds of different ages, within so cir-

cumscribed a space, is at once proof, that many of them must lie in abrupt and truncated

positions, which it requires some experience and considerable patience to detect and

explain. That such is the case at Tortworth, those who have perused either the memoir

of Mr. Weaver 1

, or that of Messrs. Buckland and Conybeare 2
, will be convinced; while

few modern observers can visit the spot without perceiving, that as rocks of igneous

origin have penetrated through it at many points, so they have doubtless largely con-

tributed to produce the disruptions and denudations which belong to the district. I

1 Geological Transactions, vol. i. p. 317. Geological Transactions, vol. i. p. 210.
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will first, therefore, give a short sketch of the overlying formations, showing where

they pass into each other, and where they are obscured or broken ; and then point out

the range and distribution of the Silurian deposits, concluding with a few words upon

the effects due to the intrusion of the trap rocks.

Inferior Oolite.

The district is flanked upon the east by a succession of bold tabular promontories, the most

prominent being the trigonometrical station at Stinchcombe, north of Wotton-under-Edge, and

having a height of 800 to 900 feet above the level of the sea. The summits of these hills consist

of the inferior oolite, which constitutes, as before stated, the escarpment ranging thence to the

eastward of Cheltenham, constituting the chief mass of the Cotteswold Hills, the strata dipping very

slightly to the east and south-east, p. 14. The well-known characters of the various beds con-

stituting this formation must be sought in other works. The Avon, the chief of the little streams

which water the Tortworth tract, rises at the foot of one of these oolite hills to the south of Wotton-

under-Edge.

Lias.

This great formation which constitutes the base of the whole oolitic system extends over a great

part of the plain and undulating country between the older rocks of Berkeley and Tortworth and

the inferior oolite of the hills. Through the labours of Mr. Lonsdale, who has laid down the course

and outline of this and the overlying oolitic formations in Gloucestershire, we first learned that it

consists here of two subdivisions, the marlstone and lower lias. The first of these is chiefly made

up of yellow and ochraceous sandstone, passing into blue calcareous grits, and charged with abundance

of GryphcBa gigantea, Pecten cequivalvis, and other fossils. It rises, for the most part, to a height

of several hundred feet on the sides of the oolite hills, and is separated from the inferior oolite by

only a very narrow zone of upper lias shale. This marlstone is exposed through all the deep

recesses which penetrate the oolite hills, and advances at some points far into the Vale of Glou-

cester. (See Map.) Thus at Newnham windmill, situated on one of the sloping terraces below the

oolite of Stinchcombe Hill, and overlooking the lower lias of the vale of the Severn, it is largely

quarried as a road stone and transported to distant parts of the Berkeley district. In the older

classifications of British rocks, this deposit (here, perhaps, not less than 100 feet thick) is consi-

dered to be the base of the inferior oolite, a place in which it can no longer be recognized, since

not only has it a community of fossil character with the other parts of the lias formation, but it

is also overlaid by an upper lias shale or marl, which completely separates it from the inferior oolite.

(See p. 16.) The lower lias, in its usual forms, spreads out from beneath the terraces of marlstone,

and extends to the edge of the older rocks, in some places exhibiting towards its base, a conform-

able passage into the New lied Sandstone, in others abutting or resting abruptly on Old Red

Sandstone and Silurian rocks. Passages from the lias into the underlying New Red Sandstone can

be observed in the sides of Whitcliffe Park Hills, south of Berkeley ; but the clearest and best in-

stances are to the east of Wick war, near Sturt Bridge, on the sides of the new road ascending to

Wotton. In the same neighbourhood I have noticed at several points the well-known bone bed,

subordinate to the lowest layers of black shivery shale of this formation, and immediately sur-
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mounting the green and red marls of the New Red Sandstone. In an insulated fork of lias, a prong
of which advances to the south of Charfield Church, I found slabs of this bed highly charged with

Saurian bones, coprolites, &c; and Dr. Cooke informs me that he had previously collected similar

remains in the lias overlying the red marl under Wotton.
The great mass of lias in the Vale of Gloucester is in general so flat, and so much covered by the

fine debris of the oolite escarpment, that any estimate of the destruction it has undergone, can be

formed only by considering the depth to which the vale has been denuded ; but when we examine
the sides of the broken ground of older rocks, of which the Tortworth district is composed, we ob-

tain some measure of the amount of this destruction, by finding small patches of the lias adhering

at different levels, in one place to the carboniferous limestone, in another to the dolomitic conglo-

merate, frequently in patches so minute that it is barely possible to lay them down even upon the

sheets of the Ordnance Survey. Three of these alone are indicated in the annexed map 1
.

:

New Red Sandstone.

The upper and central members of the system of New Red Sandstone, so largely expanded in

other parts of the kingdom, has been correctly defined in this neighbourhood by Mr. Weaver, as

consisting chiefly of red clay and marl, and as being specially distinguished by the presence of stron-

tian, a mineral which the same author has pointed out as occurring also in rocks of different ages
in the Tortworth district. As the passage of the red marl into the lias is here well exposed, so

also on the sides of the road east of Wickwar is a perfect transition in descending order of these

marly beds into beds of sandstone, and thence into beds of dolomitic conglomerate.

" Magnesian Limestone"= " Dolomitic Conglomerate*."

The rocks forming the base of the New Red Sandstone in the south-west of England have been

1 Dr. Cooke pointed out to me other small patches of lias near Tortworth. For an acquaintance with one of

them near Thornbury, I am indebted to Mr. Fry, of the Round Tower on Olveston Down.
Owing to one of the most modern changes of the surface, a well known locality of lias is no longer visible, and

collectors can never more repair to the shore at Purton Passage to gather those lias fossils which ornament so many
museums. The process of encouraging the mud of the Severn to accumulate upon lines of pile and osier, has

been so effectually practised by Lord Segrave, that the fossil beds which appeared as ledges at each ebb tide, have

been buried under slimy sediment, which by an additional embankment will at no very distant day pass under

the plough of the husbandman. It was with infinite delight, therefore, that I found this mud had not yet

extended so far as to obscure the instructive arch of Silurian Rocks, which is still partially seen at low water

rising from beneath the overlying deposits and forms the foreground of the vignette, p. 446.

2 The term "Dolomitic Conglomerate" was first applied to this rock by Messrs. Buckland and Conybeare,

at the suggestion of Mr. Warburton, and on the authority of Von Buch. " That definite triple salt, the car-

bonate of lime and magnesia, when found native in a state of purity and associated with primitive (or altered)

rocks, has received the name of dolomite ; and it is the same salt, intimately but mechanically blended with

iron or bitumen, or carbonate of lime, which in beds forming part of our New Red System have been called

magnesian limestone. It appears to us desirable to use but one appellation for substances not essentially dif-

fering in chemical constitution."—Geol. Trans., N. S., vol. i. p. 212 note.
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described by several geologists 1
, and in this tract especially by Mr. Weaver, whose account of their

structure is so good that I cannot do better than quote it. " They are composed principally of

rounded and angular fragments of limestone and sandstone, sometimes exceeding the size of the

head, with fragments also of hornstone and quartz : these are cemented by a calcareous paste, which

is frequently of a marly nature, or a common carbonate of lime, either of an earthy or compact

structure ; but in some quarters, as in the Vale of Thornbury, the cement is generally magnesian,

and through all the varieties sandy particles are more or less distributed. The compound abounds

in cavities which are frequently lined with crystals of calcareous spar and quartz, and sometimes

also with sulphate of strontian."

The exact range of the conglomerate and magnesian limestone is given in the accompanying map.

It generally forms an irregular broken fringe, hanging upon the flanks of the older rocks, sometimes

consisting of a very coarse conglomerate of considerable thickness, which rests either on the car-

boniferous limestone or Old Red Sandstone, the fragments in each case being made up respectively

of the detritus of these rocks. On the sides of the new Bristol road, as it descends to Thornbury,

the following section of the passage of this conglomerate into limestone has been recently exposed.

a. Yellow sandy beds, covered by red detritus, b. Impure limestone, about one foot tbick. c. Courses of limestone,

two to tbree inches thick, alternating with yellow sands, d. Yellow sandstone, partly calcareous, e. Dolomitie conglo-

merate resting on carboniferous limestone, and made up of large fragments of that rock.

To the east of Thornbury the dolomitie conglomerate rests directly on the coarse conglomerate

of the Old Red Sandstone, the beds of the older being almost as horizontal as those of the newer

conglomerate. It is again seen at the same inclination and in conformable apposition to flaglike

beds of the Old Red Sandstone to the south of Kington. The reader wishing to acquire more co-

pious information respecting this conglomerate, as it expands into the districts around Bristol and in

the Mendip Hills, must consult the various memoirs in the Geological Transactions in which it is

described. My principal object is to direct attention to the different relation of the conglomerate to

the older rocks in the south-west of England, and in Shropshire, Staffordshire, and Worcestershire.

In the former district, it has just been shown to lie unconformably upon the coal measures and more

ancient strata ; while in the latter it was proved in previous chapters to pass down gradually into

the true coal measures, through the Lower New Red Sandstone, which being almost entirely absent

in this region, accounts to us for the unconformability between these two deposits.

It is, therefore, essential to remind the reader that the great break marked by

Messrs. Buckland and Conybeare at the base of the dolomitie conglomerate, and which

is so extensively and clearly displayed in the south-west of England, must be considered

as only a partial phenomenon ; for it has been clearly ascertained, that the same action

which there broke off the connecting links between the New Red System and the coal

measures, did not extend into the central counties ; on the contrary, we have seen that

all the intermediate strata have been there deposited in regular and unbroken succes-

sion. (See p. 46 et seq. and the following chapter.)

1 Geol. Trans., Old Series, vol. iy.j in memoirs by Dr. Knight, Mr, Warburton, and Mr. Gilby, and also

by Messrs. Buckland and Conybeare in the memoir before mentioned.
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Coal Measures and Millstone Grit.

On these formations it is unnecessary to dwell, as they occupy so small a portion of the annexed

map and have been fully described by other authors. The same two beds of coal mentioned by

Mr. Weaver are still wrought at Cromhall Heath, though further upon the dip, and consequently

at greater depths. It is, however, desirable to point attention to the underlying strata of grit and

shale with courses of impure limestone, which support this coal-field, because they resemble beds of

similar age at Oswestry (p. 144). The general colour of these underlying and unproductive coal

measures is red, a colour which prevails in rocks of this age at Oswestry, Lilleshall, &c. As we

proceed we shall point out, that this colour also characterizes the surface of two-thirds of the rock

formations of the Tortworth district. Messrs. Buckland and Conybeare have considered all these

red and white grits, with courses of red shale and impure limestone, as equivalents of the upper

limestone shale beneath the millstone grit. Besides, however, the true upper limestone shale of

these authors, a detailed section of which, by Mr. Lonsdale, is given (p. 158), there are at Cromhall

quartzose conglomerates and reddish grits, which as they immediately pass under the coal-bearing

strata and overlie the calcareous formation, may be grouped with the millstone grit. (PI. 36. f. 21.)

Carboniferous or Mountain Limestone.

To the south of Tortworth, this formation is thrown up in a horse- shoe outline, rising from be-

neath the millstone grit and coal measures of Cromhall into rocky masses, for the most part well

wooded. It is unnecessary to describe this well-known limestone, or to say that it is in many parts

charged with its usual organic remains. The dislocations, however, to which it has been subjected

are worthy of notice. So far from presenting an uniform and unbroken band, as might be supposed

from its appearance when laid down upon a small scale, it is broken into a number of distinct

masses by transverse dislocations, which have the strata in each mass often dipping at different

angles and frequently in opposite directions ; such phenomena are observable along the ridge from

Tortworth Lodge to Tytherington : and in the rocky grounds south of Cromhall Park, the limestone

is so dislocated as to form sometimes double troughs dipping E.S.E. and W.N.W. at angles of 35°

and 40°, while near Tytherington it rises like a wall from beneath the Cromhall coal-field. In this

range, its upper part contains a subordinate band of reddish sandstone, the firestone of the country

people. In the map a considerable extension is given to the limestone south-west of the Tortworth

and Cromhall tract. At Littleton-on-Severn, where it is the fundamental rock on which the do-

lomitic conglomerate, New Red Sandstone, and lias repose, the limestone becomes very sandy,

passing into chert, and sometimes weathering to a yellow colour, with druses containing decomposed

magnesian limestone. There can be little doubt that much of the adjacent dolomitic conglomerate,

which in its aspect and matrix so much resembles this limestone, has been derived from this source.

The prevailing fossils at Littleton are Encrinites, and the Spirifer trigonalis (Sow.).

Besides the ordinary characters and prevailing fossils of the carboniferous limestone

with which this tract abounds, it also presents certain beds of transition between the

limestone and the Old Red Sandstone, (the lower limestone shale of Buckland and

Conybeare,) to which special attention must be paid, since they so much resemble
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Caradoc Sandstone, that without a clear order of superposition and close examination

of the organic remains, even practised observers might be misled. These beds consist

of yellowish and dull brownish red sandstone, alternating with shale and impure lime-

stone, the surfaces of the former being frequently impressed with the circular forms

of crinoidal stems, resembling the casts so common in the Caradoc formation. In

Monmouthshire, particularly to the west of Chepstow, I have already noticed a large

development of these beds. (p. 160, and PL 36. f. 24.) A small boss of them has

recently been exposed near the Ship Inn, at Abbey Land, on the sides of the high road

from Bristol to Gloucester, the organic remains from whence having been examined by

Mr. Stutchbury, prove to consist of the palates of the same species of fishes which

characterize the bottom beds of the carboniferous limestone in other places; viz. Psam-

modus linearis, P. Icevissimus, &c, together with bodies supposed to be Coprolites, and

the Pileopsis angustus, PhilL, a shell of the carboniferous system. These beds are not,

however, peculiar to Gloucester or Monmouth, for they are exposed at various points

around the great South Welsh coal-field and in Pembrokeshire 1

. (See p. 384.)

Old Red Sandstone.

Succeeding to the carboniferous limestone, the Old Red Sandstone of Tortworth

presents peculiarities of structure, which are not found in the chief range of this

system. The upper beds, instead of being conglomerates, consist of finely-grained,

thin flagstones of white and whitish grey colours. These are seen in the elevated

platform of Tortworth Green, where they dip distinctly under the carboniferous lime-

stone, and pass down into red sandstone and argillaceous red and green marls of consi-

derable thickness. This upper division is underlaid by coarse, quartzose conglomerate

and red sandstone. Sections made in remote parts of the district, six and seven miles

from each other, either in ascending from Falfield to Tortworth, from Thornbury to

Milbury Heath (where some of the best quarries are seen), or from Kington west of

Thornbury to Mumbleys Plat, exhibit the same succession and persistency of the con-

glomerate in the central and even low part of the formation.

An enormous thickness of red and green argillaceous marl is clearly indicated by

the sections at Gatcombe and Purton, on the right bank of the Severn. We there see,

red, green, and white-spotted marls, quite undistinguishable from those of the New
Red Sandstone, with a few strong bands of dark red micaceous sandstone. The large

development of these argillaceous marls of the Old Red, renders it most difficult to

draw a line of separation, in any geological map, between them and beds of similar

composition in the New Red, wherever the marls of the two systems are brought

1 See also the detailed sections in the memoir of Messrs. Buckland and Conybeare, by Mr. De la Beche,

Mr. Cumberland, Dr. Bright, &c., Geol. Trans., vol. i. p, 240.
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together, as along the western flank of the Tortworth tract; for while we. trace the

persistence of the Old Red Sandstone from Berkeley to the south, and confidently

assert that it forms the substratum of that portion of the district, we cannot definitely

mark its boundary, though we know that the red and green marls of Whitecliff Park

and Sunday Hill, from their conformable passage into the lias, must belong to the New
Red System. Whenever the sandstone of the older formation appears, or that the face

of the rock is highly inclined, (a feature not observed in the New Red of this tract,)

the difficulty vanishes, but unluckily such good evidences are exceedingly rare, and the

Old Red Sandstone is in many situations quite as little inclined as any of the overlying

formations. At Thornbury and at Kington the conglomerates, hard sandstone and

grits of the Old Red dip only 5°, 10° and 12°. The day, indeed, has now passed by,

for estimating the age of sedimentary deposits by the angle of inclination in which

their strata are placed, since we know that in disturbed regions the cretaceous and even

the tertiary strata are often vertical.

Silurian System.

Though occupying a considerable area, the rocks composing the Silurian System are

clearly exhibited at only a very few points. Over a large portion of this area, their

exact places are not easily assigned, owing to their small development and the great

extent to which they have been denuded, and it was not till a fourth visit, that I was

able to determine their precise extent and range. One of the chief difficulties, already

alluded to, lies in the red colour which prevails over two thirds of the district, whether

composed of the New Red, Carboniferous, Old Red, or Silurian Systems.

Ludlow Rock.

The best representatives of the Ludlow rock which I have detected are the beds seen at low

water on the west bank of the Severn, at Purton Passage, where rising in a dome-like form, and

dipping beneath the Old Red Sandstone of the opposite bank of the river, they are partially over-

laid by that rock at the Ferry-house. (See wood-cut, p. 446.) The section (PI. 36. f. 17-) also

represents the succession of the Silurian strata at their point of emergence on the Severn, where

they dip away on three sides at angles of 15° to 20°. The uppermost beds are somewhat obscured

by mud, and the detritus already alluded to as having entirely covered the adjacent fossil beds of

the lias. These upper beds or Ludlow rocks are of dark greenish grey colour, somewhat micaceous,

and contain Leptama lata, Orthis unguis, &c. Beneath them is a very thin course of impure lime-

stone, containing Terebratula JVilsoni, and representing the Aymestry limestone. Other beds

of a mudstone character succeed, with occasionally flattened spheroidal concretions ; and these

strata, the equivalent of the Lower Ludlow, pass down into shelly calcareous beds, representing

the Wenlock limestone. This succession is laid bare on the shelving shore, between low and high

water marks, in a number of thin-bedded ledges which wrap over each other, the highest stratum
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or Upper Ludlow rock, being flanked by greenish micaceous tilestone and red marl of the Old Red
Sandstone, and also by very hard greenish grit of the same formation. These beds are more or

less coated with red oxide of iron. They are much jointed; the dominant joints ranging from

S.S.E. to N.N.W. are traversed by others, occasioning these flaglike strata to split into a number

of dice-shaped and rhombic forms.

With the exception of these beds at Purton, the only other evidence of the existence of what may
be termed Ludlow rock, is at the Horse-shoe farm, below the north-eastern end of Milbury Heath,

and consequently at the other extremity of the district. A few beds there contain some of the

fossils, particularly Cypricardia amygdalina, and pass conformably into the overlying Old Red

Sandstone, and downwards into beds with Asaphus caudatus, &c 0 After all, this Silurian forma-

tion is so very feebly exhibited in the Tortworth tract, and offers such slight lithological analogies

to the best types, that without a long acquaintance with it in other districts, its recognition would

be impracticable.

Wenlock Limestone.

The Ludlow rock, at Purton, is underlaid by calcareous beds containing masses of corals and shells,

among the latter of which is the Productus depressus together with many Orthocerata. From the

fossils I conclude, that these beds represent the Wenlock limestone, of the existence of which there

is abundant evidence in the south-western branch of the Silurian fork, which clasps round the

Old Red Sandstone of Tortworth. Thus, we see this limestone commencing at Skeays Grove,

near Falfield Green (quarries long abandoned), whence it extends in a separate narrow ridge by
Falfield Mill to Brinmarsh, and afterwards sweeps round in a low, circular, dome-like form to

Whitfield, where it dips outwards, passing on all sides under the overlying formations. For a

short distance, near Falfield, this ridge is double, the upper portion being seen in Barber's quarry.

The best section of the Wenlock limestone, particularly the lower part, is at Falfield windmill,

where it is made up of the following beds in descending order :

1. Rubbly red, sandy, calcareous beds.

2. Thin, irregularly bedded, almost lenticular masses of purple and grey limestone, passing down into ash-coloured shale,

with very thin courses of greyish blue limestone, the shale being loaded with many of the corals and encrinites peculiar to

the Wenlock limestone, and small mollusks, such as the small Spirifer radiatus, of Dudley ; the Orthis canalis, so common
at Woolhope and many other places.

3. Purple and grey strong-bedded limestone, 20 to 30 feet thick, highly charged with encrinites, and the beds separated

by courses of red shale.

4. Red and green schistose beds passing down into hard purple sandstone and grit.

The beds dip 45° to the east. They present in their red colour and general aspect, as well as in their fossils, a striking

analogy to other beds of this age at Clencher's Mill, near Ledbury, p. 413. Dr. Cooke and Mr. Weaver have further col-

lected in them the Calymene Blumenbachii, Asaphus caudatus, and other fossils.

At Whitfield quarries, where the same calcareous beds rise in a low dome, there are also many
fossils. In the upper part, the rock consists of irregular concretions of impure grey limestone,
with purple and whitish green marls, passing down into finely laminated, ashen-green and deep-red
slaty marl, with irregular thin courses and concretions of strontian; next, flaglike sandstone, in beds
of two to three inches. The lowest part consists of thick-bedded encrinite limestone, of purple and
grey colours, containing corals and shells and passing down into slaty shale, &c. These calcareous
beds are here about 15 feet thick, and uniformly rest upon the sandstone and shale of the Caradoc
formation.

3 l 2
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Caradoc Sandstone»

The Caradoc sandstone forms the great mass of the Silurian rocks of the Tortworth

tract ; for while the overlying formations are miniature representatives of their types in

other parts, the lower sandstone, associated with much red shale, covers an extensive

area. Rising from beneath the upper strata at Purton, it first occupies a ridge in

Scotts Hill, and advancing towards Tortworth, expands over the flat denudations of

Halmore and Breadstone Green, and passing to the east of Berkeley, in unconformable

juxtaposition to the Old Red Sandstone, occupies an area about three miles in width at

Woodford Hill, Stone and Michaelwood Chace, whence the formation is projected to the

S.S.E. and S.S.W. in two narrow bands, the eastern of which supports the limestone

of Fahield and Whitfield. In many parts of this district the sandstone is so subordi-

nate to the shale, that the deposit is familiarly known among the country people

as "the clays," and where these abound, and the surface has been much denuded, as

is the case at Berkeley Heath and Halmore Green, it is difficult to define the subsoil

of Silurian rock, from that of the Old Red Sandstone or even of the lias. There are,

however, certain helps by which the place of the Silurian Rock can be ascertained

;

such as the occasional sinking of a well, and by the deep ruts bringing up to the sur-

face fragments of the thinly laminated beds, usually containing casts of characteristic

fossils. To an eye practised in the district, the mere lithological structure of these

beds is very dissimilar from that of any of the surrounding and overlying formations

;

the minuteness of the grains, the fine dissemination and intimate admixture of very

small scales of mica, being alone sufficient to mark them. There are, besides, many

clear sections of this formation, on the southern edge of Michaelwood Chace, on both

banks of the Avon near Damory Mill, and at Stone
;
particularly on the sides of the

Bristol road, near the Fox public-house. The sandstone and associated shale seem to

contain a large portion of the oxide of iron, and consequently are as red in colour as

any of the overlying groups. In colour, indeed, they present an exact parallel to many

masses of the Caradoc sandstone of Salop, and are also perfectly undistinguishable

from those of May Hill, many portions of which might (in the absence of shells) be

mistaken for either New or Old Red Sandstone. The sandstone is sometimes very

compact, and the beds vary in thickness from two to ten inches, whilst the shale is

constantly in that state which by most observers would be termed slate marl. There

is one thick bed of hard grit, used as building-stone in Michaelwood Chace.

The strata are inclined at all angles and in various directions, but generally they dip

beneath the overlying formations south of Tortworth. The exceptions are found near

masses of trap rock or along lines of fracture west of Stone, where beds of this age are

thrown into unconformable contact with the Old Red Sandstone, dipping 70° west ; or

again near Falfield where they are raised from beneath the limestone in domes or arches,
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so small, indeed, that it is only by occasional cuts and improvements in the roads that

they can be detected
1

.

Of the fossils of this formation, the Pentamerus lesvis is perhaps most abundant, but

others are scarcely less frequent, such as the ornamented small Trilobite (Trinucleus

Caractaci), the Tentaculites of Schlotheim, as well as those corals which have been cited

as so abundant at May Hill, and in Shropshire. The round impressions of encrinital

joints scattered over the faces of the stone constitute one of the best empirical tests of

this sandstone. The application of this proof, however, must be made with care, for

there are rare examples of such impressions in the Ludlow and superior rocks. Their

profusion, however, in the Lower Silurian rocks is very striking.

On reference to the description of the organic remains it will be seen that many

have been figured from this district ; but it is not pretended that the list comprehends

all the fossils of this interesting tract ; for as soon as a sufficiency of specimens were

acquired for the identification of the respective strata, attention was directed to other

points illustrating the general object of this work.

Trap Rocks.

Having thus, from an acquaintance with similar deposits in other tracts, been able to

convey to the reader a sketch of the succession of the stratified masses, exhibited at cer-

tain points in this district, I now proceed to offer a few remarks on the intrusive rocks

which are associated with these deposits.

The trap rocks rise to the surface amid the Silurian strata, and repeated examina-

tion has convinced me, that they have everywhere been forcibly intruded into the

latter. Though this view is opposed to that of the author who first described this

district, it is supported not only by the recorded opinion of Messrs. Buckland and

Conybeare, but also by that of nearly every geologist with whom I am acquainted,

who has visited these localities. In their forms, arrangement, and relations to the

associated strata, the trap rocks of Tortworth are entirely unlike any of those stratified

traps which have been described in this volume, and which alternate so equably and

conformably with the strata containing shells, as to afford sufficient evidence of having

been evolved during the accumulation of the marine deposits, (pp. 269 et seq. 325 et

seq.) On the contrary, these Tortworth trap rocks, whether viewed upon the natural

surface, or in any of the numerous quarries in which they have been laid open, consist

almost exclusively of amorphous masses, of irregular shape and unequal thickness,

1 A recent widening of the road from Falfield to Tortworth, made by Dr. Cooke, exposed one of these little

arches of sandy grit and slaty marl, rising from beneath the adjoining beds of Wenlock limestone. This evi-

dence, however, was speedily obliterated by the building of a wall. Geodes of sulphate of strontian occurred

in this section. Their presence in the New Red Sandstone has been previously noticed.
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which protrude through and dislocate the overlying strata ; sometimes throwing them

off in discordant directions, at other times enveloping their fractured and dismembered

portions within the masses of the trap. But while I differ from Mr. Weaver in my
opinion of the origin of these rocks, 1 have sincere pleasure in quoting his lucid mine-

ralogical description of them.

"The trap is of a very variable character in different quarters, consisting of granular and compact

greenstone (the former seldom appearing of a distinctly crystallized structure), with occasionally

disseminated portions of hornblende or augite, sometimes, though very rarely, graduating into

basalt, of granular and compact felspar, of claystone and amygdaloid, all of which, being mu-
tually intermixed, frequently interchange characters and pass into each other ; and hence the shades

of colour are never constant in any considerable portion of the mass, but fluctuate from black to

green, red, brown and grey, the predominant colours being reddish brown and grey. The rock

sometimes, also, though very seldom, assumes a porphyritic appearance, thinly scattered acicular

crystals of glassy felspar occurring in its substance ; but in general the common aspect of the trap

may be said to be that of a compact rather than of a crystalline or even subcrystalline production,

and where stealitic matter prevails, it is of a loose consistence, friable and earthy. It frequently

contains compressed ovoidal and spheroidal nodules and kernels of chlorite, green earth, calcareous

spar, brown spar and quartz, also balls of chalcedony and agate, the internal cavities of which are

sometimes lined with crystals of amethyst ; and when the more perishable ingredients are removed

by decomposition they leave empty cavities, whence the rock acquires a vesicular and scorious

aspect. Sulphate of strontian, sulphate of barytes, and prehnite, appear more rarely in the trap ;

which sometimes also includes portions approaching to compact brown iron stone, and brown jasper.

Veins, composed of carbonate of lime and brown spar, either pure or mixed with trap and chloritic

and steatitic laminae, not unfrequently traverse the rock, occupying the cross fissures, which in some

places divide it into cuboidal and other quadrangular concretions. These concretions sometimes

exhibit a tendency to exfoliation, disclosing concentric lamellar layers that surround a spherical

nucleus. The structure of the same mass of trap varies much in the course of its extent ; it is most

frequently amorphous, or irregularly divided by fissures ; but when adjacent to the interstratified

beds of sandstone, slate clay, and limestone, a faint tendency toward a corresponding division into

strata may be partially observed ; while in some other quarters, thin strata, from two to four inches

thick, may be casually remarked, singularly contorted and inflected, yet subdivided by cross joints

into rhomboidal prismatic concretions." (Geol. Trans, vol. i. p. 326.)

To this lithological description I have only to add the occasional presence of serpen-

tine, which in their films (specially seen in the great quarries of Damory Mill) , cover

the faces of many of the bulging concretions, particularly near their points of contact

with the Caradoc Sandstone. This phenomenon, it will be recollected, has been pointed

out in various other localities under similar conditions, and notably in that case where

the old Radnor trap rocks, (p. 320.), burst through limestone and sandstone of the

Silurian System.

But to determine the essential question, whether the trap rocks of this district have

been formed contemporaneously with, or posteriorly to, the strata with which they are

intermingled ? The points at which these rocks appear at the surface, are Middle Mill
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and Woodford Green, (Horsely Quarry,) Michaelwood Chace, particularly on the bank

of the little river Avon, near Damory Mill ; on the left bank of that river, another line

extending from Daniel's Wood, by Crockley's, to Avening Green
;
and, lastly, there are

two bands more or less parallel to each other in Charfield Green. From the apparent

conformability of one of these masses in Charfield Green to the associated strata, and

from the presence of organic remains in the trap itself, Mr. Weaver has founded his

best argument on the contemporaneous origin of the whole. When, however, narrowly

examined, I conceive that this evidence itself demonstrates irresistibly the posterior in-

trusion of the trap. The band in question, if followed from the open quarries in Char-

field Green, across the high road to Cullimore's Farm on the north, is seen to have a

very variable thickness, and so far from being a regular bed, is found to have a most

jagged and unequal surface. In one point, it is true, the igneous matter appears, though

for a very short distance, as if it dipped conformably with the associated strata of sand-

stone ; but this is soon ascertained to be nothing more than accident, for in pursuing

its course, the trap again breaks out, throwing off the stratified deposits both to the south-

west and west, and on reaching Cullimore's, the last point to the northward where this

band is visible, we find distinct proofs of its posterior intrusion.

various small, acutely angular fragments, of

gritty impure limestone with shells, (such as at b,) of highly curved layers of shelly sandstone (c),

and semicircular bands of indurated shale (e), are twisted up in directions varying from vertical to

horizontal, and lost in the great mass of trap. In one spot, a coral (d) is seen to be completely

separated from the broken mass of shelly limestone (Z>), and included in the trappean paste.

Besides their fragmentary and dislocated condition, these detached portions of sedi-

mentary strata are all more or less in altered conditions, being more compact and of

greater specific gravity than when found in natural beds divested of their trap associates.

This appears, therefore, to be one of those cases which is absolutely inexplicable upon

the supposition of contemporaneous origin, since these shelly strata must have been ori-

ginally deposited in regular successive layers, before they were subjected to the action

which has reduced them to their present shattered condition ; but if we simply view

this trap as the portion of an extensive dyke of igneous matter, ranging from north to

south, which in some parts has been intruded in a band between and nearly parallel to

the beds, and in others has burst through and fractured them, enveloping small frag-

ments of the strata in the mass of molten matter, we account naturally and simply for
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all the phenomena. The case near Long's Quarry is equally subversive of the notion of

contemporaneous deposit, as may be seen in the irregular dome of trap which has been

recently exposed near the banks of the Avon.

If, however, we quit the pigmy dykes of Charfield Green, which are necessarily

obscure in parts of their course, owing to the flat surface of the ground which they

traverse, and examine any of the chief trappean rocks north or south of the Avon, near

Damory Mill, we meet with the most unanswerable evidence of their intrusive character.

If, for example, we inspect the mass extending from Avening Green to Crockley Wood,
we see that it is not parallel to the strata for twenty yards together ; for although not

exceeding the width of 100 paces at Avening Green, where it is an irregular boss

with altered rocks upon its sides, before reaching Crockley 's it diminishes to a few

yards, and passing by that farm house with a broken and irregular outline, it suddenly

bulges out into a great mass, not less than a quarter of a mile in width, and oc-

cupying Crockley's Wood, throws off, in opposite directions, the strata in contact with

its flanks. Wherever this rock does not rise to the surface, its course is well known
to the farmer by the dry and absorbent nature of the soil above it, which is strongly

contrasted with the heavy clays of the Caradoc Sandstone, through which the trap has

forced its devious course. At Horsley Mill, where it appears to have burst out from

north to south, the trap is composed of great globular concretions, partially enveloped

by broken pellicles of sandstone, limestone and shale, all more or less altered and oc-

casionally containing fossils. On tracing this trap to the edge of the Caradoc Sand-

stone, east of Woodford Green, the latter appears fractured and distorted in every

imaginable direction, points of the former protruding here and there through the

broken and indurated strata, which are thrown off towards Woodford Hill. All the

evidences in Michaelwood Chace are equally decisive of the intrusive character of the

trap, but especially at the extensive quarries opposite Damory Mill, where a short and

very uneven ridge of the rock rises up through the sandstone, and produces the pic-

turesque and rocky outline in the gorge of the Avon. In their central portion, where

deeply cut into, these fine quarries present nothing but reddish and greenish trap,

usually arranged in large concretions' which exfoliate concentrically, and in them we
find passages from varieties of tuf and amygdaloid, to beautifully compact, crystalline

greenstone. Not a trace of sedimentary deposits or of fragments containing fossils, is.

detectable in the central part of this mass of volcanic matter, but as we ascend to the

surface and flanks of the quarries, coatings of serpentine appear on the joints of the

rock, and finally beds of purple and green shale, with bands of sandstone full of fossils

(including the small ornamented trilobite Trinucleus), are tilted off from the sides of the

protruding mass, dipping in different directions, some of them to the south, others

particularly on the left bank of the river to the south-west, indicating a force acting

1 A single concretion which I observed in the Damory quarries measured twelve feet by six.
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from the northern side in Michaelwood Chace, where the greatest volcanic vent seems

to have been opened.

We may further remark that it is scarcely possible to cast the eye over the annexed

map without supposing, that the forcible intrusion of the trap must have had a powerful

influence, in throwing the sedimentary deposits of this tract into the broken, contorted

and complicated forms in which we now find them. Looking at the position of the

Silurian rocks of Tortworth, we perceive, that they constitute the termination of a line of

elevation proceeding from N.N.W. to S.S.E., and which originating in the valley of

Woolhope, passes by May Hill, Aram near Newnham, the Milkmaid rock and Purton

passage ; from whence they are prolonged through Michaelwood Chace into the re-

markable prongs which embrace the Old Red and Carboniferous deposits. This bi-

furcation of the Silurian rocks, has precisely the form which sedimentary deposits

would assume, from igneous matter having been emitted along such lines, since

besides the chief masses of trap which protrude in irregular bosses, at many points

within the area of little more than a square mile, the rock strikes out thence as

from a centre, and takes a forked direction. One mass points S.S.E. through Priestly

Wood, the other passing to the W.S.W. disappears beneath the surface at Avening
Green, but finally reappears at intervals at Charfield Green, in small irregular dykes.

The highly inclined, truncated and broken edges of the Silurian rocks along the external

edges of the area which they occupy ; and the domes and arches in which they appear

near Falfield and Whitfield, all harmonize with the supposition, that the volcanic matter

which has reached the surface in the environs of Michaelwood Chace, has not been able

to rise from beneath its rocky covering on the south, but in struggling to find a vent

has there given rise to the curvatures and breaks of the overlying accumulations 1

.

It was formerly my belief, that this elevatory influence did not extend beyond Mil-

bury Heath ; but having recently visited that part of the district, accompanied by
Mr. S. Stutchbury, my attention was called by him to a remarkable tongue of Old
Red Sandstone, which extending beyond the limits I had assigned to my map, runs

from E.N.E. to W.S.W., through the carboniferous limestone of Old Down.
This narrow ridge is in truth a distinct prolongation of the axis of Milbury Heath.

On one side the beds dip to the S.S.E. beneath the limestone of the Ridgeway and
Alveston, whilst on the other the Red Sandstone presents a mural escarpment, against

which the ends of the slightly inclined strata of the limestone are abruptly truncated •

thus exhibiting a line of powerful fault on the north-western side of the anticlinal.

(PL 36. f. 22.) This limestone of Alveston Down is in part of oolitic structure, and con-

tains several well-known fossils. Where it is in contact with the Old Red Sandstone,

the whole mass for a width of twenty or thirty paces has been powerfully affected, and

1 Charfield Green may have been elevated en masse, as the country rises on approaching it from east to

west.

3 M
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is full of vertical joints and fissures. That the direction of these joints (many of which

have slickenside surfaces) , has been caused by the same operation which produced the

great anticlinal, there can be little doubt ; for the dominant planes are parallel to the

strike of the Old Red Sandstone. This ridge finally subsides at its west-south-western

end, by sinking on two sides beneath the limestone.

In conclusion it may be remarked, that vast masses of the overlying formations of

New Red Sandstone, Lias, and Inferior Oolite, must have been removed by the powerful

denudations which doubtless, both accompanied and followed the intrusion of the trap

rocks and the dislocations of the strata ; for as soon as we quit the small arena of agi-

tation around Tortworth, and recede from the proximity of rocks of igneous origin, the

overlying formations resume their regular positions. (See Map.) We may further con-

clude, that volcanic rocks, either rising to the surface or struggling to emerge, threw

up the band of elevated Silurian rocks which has been traced in an anticlinal form from

the Valley of Woolhope to Alveston Down, near Bristol.



CHAPTER XXXV.

ON THE DUDLEY OR SOUTH STAFFORDSHIRE AND WORCESTER-
SHIRE COAL-FIELD.

Introduction.— General arrangement of the Coal-field.—Account of the Formations

in descending order.—Lower New Red Sandstone.— Volcanic Grit or Tufa-

ceous Conglomerate.— Coal Measures, including the Upper and 10 yard Coal,

and the Lower or Ironstone Measures.—Shaft Sections. (VI. 37. figs. 1 to 5.)

ALTHOUGH replete with scientific interest from the variety of its rocks and the dislo-

cations of the strata, this highly productive coal-field has received little attention from

geologists; a circumstance the more remarkable, when we consider that it supplies Bir-

mingham, one of the greatest seats of manufacturing industry in Great Britain, with coal

and iron. The apparent neglect may, however, he partly explained, by the most valuable

portion of the tract having been so well described by Mr. Keir 1

,
that, notwithstanding

the long period since its publication
2
, his sketch is still, in many respects, considered a

good general view of the coal-bearing strata. The notices concerning the tract which

have since appeared are, indeed, little beyond slight additions to the memoir of Mr. Keir,

for none of them have attempted to offer more extended views, by explaining the

relations of the rocks associated with the coal. In short, no endeavour has been made

to point out the position and age of the red sandstone which surrounds the coal-field,

nor to indicate the succession of the older strata beneath it.

The following sketch, I trust, will show the true nature of these formations, though

it is far from being a complete history of the coal-field. On the contrary, I venture to

propose it as a foundation only, on which, if it be sound, future geologists may build,

1 See Shaw's History of Staffordshire, General History, p. 116.

2 We must exempt from this observation " A sketch of the country round Birmingham," by Dr. Thomson,

(Annals of Philosophy, vol. viii. p. 164.) in which the author makes some good original observations, and draws

accurate lithological distinctions, though he does not enter into the question concerning the older rocks, and,

in our opinion, misconceives the relations of the red sandstone to the coal-field. This sketch of Dr. Thomson

is quoted in the Outlines of the Geology of England and Wales, p. 411. Several interesting points are also

touched upon by the Rev. J. Yates in a memoir in the Transactions of the Geological Society. These will

be alluded to in the sequel.

3 m 2
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while they enrich the stock of knowledge with details concerning a region so interesting

to men of science, from the complication and variety of its natural phenomena.

General relations of the Coal-field.

The surface of this field is much covered hy gravel, clay, and boulders. A few of the

latter, particularly in the Wolverhampton tract, have been derived from distant places

in the north ; but the chief masses of finer detritus have resulted from the abrasion or

breaking up of the Lower New Red Sandstone, mixed up with fragments of trap, parti-

cularly where the coal strata have been forced up through it. The debris of red sand-

stone constitutes, occasionally, mounds of great thickness, which might at first sight

be mistaken for undisturbed portions of the formation. These, as well as the other

loose superficial materials, will be considered in subsequent chapters.

The youngest formation, in situ, is the Lower New Red Sandstone, by which, as

already shown, the coal-field is surrounded (p. 54 et seq.), and which passes down con-

formably hi to the coal-bearing strata. Notwithstanding this field contains the thickest

seams of coal in England, its associated strata are of very small dimensions compared

with the equivalent series in other parts of the kingdom. The millstone grit is scarcely

represented \ and the mountain limestone, the usual base of the system, as well as the

Old Red Sandstone, are entirely absent. "The absence of these formations," as Mr.

Conybeare has well observed, " and the immediate contiguity of the coal measures and

a transition rock (the Dudley limestone), constitute a remarkable and important cha-

racter in this coal-field
1 ."

The real substrata of the coal deposits consist of various members of the Silurian

System. These ancient rocks, however, instead of appearing in the regular order in

which they have been described in other parts, rise up irregularly, like islands, through

the coal measures near Dudley and Sedgeley, and form the eastern boundary of the field

near Wallsall. Such relations will be understood by reference to the two general sec-

tions across the tract. (PL 37. figs. I and 2.) To convey, moreover, to the reader

some conception of the original condition of these deposits, both before and after their

elevation, I annex two wood-cuts.

The first is an ideal representation of a carboniferous group of strata, one portion of

which (b) comprises overlying thick coal seams, the other (c) lower coal measures which

spread out beyond the thick coal ; the whole resting upon Silurian rocks (d) and covered

by the Lower New Red Sandstone (a). The second represents a generalized outline of

the condition of such strata after the sedimentary deposits were pierced and dislocated

by volcanic rocks (e) and thrown into their actual positions.

1 Outlines of the Geology of England and Wales, p. 416.

V



After disturbance.

a. Lower New Red Sandstone. b. Coal Measures with thick Coal. c. Lower Coal and Ironstone.

d. Silurian Rocks. e. Trap.

It was the desire to understand the anomalous protrusion of the Silurian and trap

rocks, which induced me to examine the district, and in acquiring a knowledge of their

position, I have necessarily become acquainted to some extent with the overlying car-

boniferous strata.

That portion of the field, of which Dudley may be called the centre, and which ex-

tends northwards to Wednesbury and Bilston, and southwards to near Hales Owen, is

filled with the thickest masses of mineral matter, constituting two great divisions, in

the upper of which is the celebrated 10 yard coal; in the lower, seams of less thick-

ness, alternating with beds of ironstone. (See Map 1

.) To the north, the overlying

or thick coal crops out, and the lower or ironstone measures rise to the surface,

and occupy the district between the towns of Wolverhampton and Wallsall. Though

varying much in their mineral contents, they probably range through all the carbona-

ceous tract, extending by Wednesfield Heath, Bloxwich, and Essington to Cannock

Chace and Beverton, near Badgeley 2
. In like manner, and at the south-western end

of the tract, near Stourbridge, the lower carboniferous strata again rise for a small

1 I may here remark, that in the map the portion of the district which contains both the thick coal and the

lower measures is marked by a deeper tint of black.

2 I have not well examined this north-eastern tract beyond the Lanesfield and Monmore collieries. The

continuation of this coal tract, extending from Cannock Chace to Beverton, lies indeed, beyond the limits of

the published sheets of the Ordnance Survey ; which work, as before explained, is the foundation of the ac-

companying map. (See Introduction.)
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space from beneath the 10 yard coal, occupying a nook, in which they fold over and
dip beneath the Lower New Red Sandstone. To the south, east and west, however,
the whole of the carboniferous masses (i. e. both the thick and thin coal) are brought
up against the Lower New Red Sandstone by enormous faults.

It was till very recently a prevalent belief, that this red sandstone entirely cut off

the coal, and that the latter would never be found under the former ; but this notion,

(like the vulgar error concerning the magnesian limestone of the North of England,

which has long been dissipated,) is now fast vanishing, and will, I trust, be entirely

removed from the minds of the practical men who may favour me with a perusal of

these pages 1

.

After this preamble we may proceed to the consideration of the Lower New Red
Sandstone and Coal Measures, including certain tufaceous conglomerates or volcanic

grits which alternate with both these deposits, and in the next chapter complete the

geological history of the tract by describing the Silurian rocks on which the coal-field

rests, the trap rocks by which it is penetrated and altered, and the dislocations by which

it is affected, concluding with some general observations on the extension of coal

beneath the New Red Sandstone.

Lower New Red Sandstone.

Exclusively of loose detritus, the Lower New Red Sandstone, as already shown, is the youngest

formation in the vicinity of the coal-field, around which it forms a continuous and widely spread

mass. (See Map,) The deposit has been previously stated to be of great thickness in this district,

as proved both by natural sections around the edges of the coal-field, and by the sinkings of the

Earl of Dartmouth. (See p. 58.)

In mineral characters the formation varies considerably in different localities. We have already

described, p. 56, a yellowish soft sandstone at the southern end of the field (Hodge Hill, &c.)

which very much resembles the " Rohte todte liegende" of the county of Durham. This rock re-

appears in open sections on the western flank of the field near Himley, Holbech, Swindon, &c.

At Holbech it is overlaid by deep red, loamy, finely laminated sandstone, with layers of greenish

flags dipping 35° to the north-east. At Swindon the laminae of the soft yellowish sandstone are

occasionally marked by very thin carbonaceous partings. The great mass, however, of the Lower

New Red Sandstone surrounding the field, differs from the rock of the same age in the north of

England, being a deep, dull red, finely laminated sandstone, calcareous in parts, with numerous

whitish grains of decomposed felspar and concretions of impure limestone.

Towards the southern and south-eastern extremities of the field, the 10 yard coal, as will be

shown, passes under the red sandstone. In truth, much of the tract in that neighbourhood (Corn-

greaves, &c.) which is now part of the coal-field, was, when Mr. Keir wrote, deemed to be far

1 See my previous communications on this subject to the Geological Society of London, which memoirs

constitute the rough outline of this volume.
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beyond its limits 1
. It has since been rendered productive by works which have pierced through

superincumbent rocks, some of which must be classed with the Lower New Red Sandstone. (See

subsequent sections of Corngreaves, &c.) The proofs, therefore, of the existence of coal beneath

the Lower New Red Sandstone are not confined to the eastern side of the field. They may be also

seen on the western side at Sedgeley, in works which are open to the day, and where thin beds of

coal have been worked at a depth of a few yards, dipping rapidly beneath a ledge of the Lower

New lied Sandstone : similar examples may be observed near Brand Hall, between Hales Owen and

Oldbury.

The table, p. 476, explains the order in which the strata of the Lower New Red Sandstone

overlie and pass down into the coal measures on the eastern side of the field, being a detail of the

shaft section of the Earl of Dartmouth before alluded to, the work having been completed while

these pages were passing through the press 2
.

This section lias thus completely established the existence of coal measures beneath

the New Red Sandstone, beyond what was formerly considered the eastern barrier of

the "coal field." That these measures may thin out in that quarter, and that profitable

commercial enterprize cannot well be undertaken by pursuing operations still further to

the east, is a separate consideration. In the mean time, though it would appear, that

the coal in question thins out and is much dislocated, it has been equally ascertained

that it thickens as the works proceed westward ; and this we should expect ; for as at

the great fault at the former boundary of the field, the coal was ten yards thick, so have

we every reason to conclude that the mineral will gradually expand from the distant

point where Lord Dartmouth's shaft has been sunk, till its full development on the un-

tried side of the fault as represented in the diagram, PL 37. f. 1 . This is the first shaft

which has been sunk through a thick portion of Red Sandstone, and being nearly one

mile distant from the fault by which the coal was supposed to be cut off, the value of

the discovery is great in confirming the views of geologists
3

. On the western side of

the field, speculative sinkings have also been commenced in the red formation, and

when I quitted the district one had proceeded to a depth of about 100 yards. This

1 To show how much the limits of the field have been recently extended, its greatest breadth near Dudley

was stated to be four miles when the Outlines of Geology of England and Wales were published, 1822, p. 407.

The width over which coal works are now spread is about nine miles from east to west, without reckoning the

coals which have been proved beneath the red sandstone.

2 The rocks in this section are described with tolerable precision, because specimens from each stratum

passed through were submitted to my inspection, and are now, through the liberality of the Earl of Dartmouth,

and the zeal of his agent Mr. Dawson, deposited in the museum of the Geological Society. By a letter

received, while these pages are printing, it appears that Mr. Dawson is now sinking beneath the bottom of the

present works, given in the section, p. 476 ; having driven a head-way to the east, where he had been led to

suppose that the Red Sandstone is, by a great oblique fault, brought down to be a few yards only above the

bed of coal in work.

3 Other trials on the east side of the field have been recently made, and in one of them near Oldbury the

coal has just been won. December 1, 1837. (See further observations on these dislocations in the ensuing

chapter).
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subject, being connected with the lines of dislocation along the frontier of the coal field,

will be resumed towards the conclusion of the next chapter. I will here only remark,

that in the shaft of Lord Dartmouth and the other situations alluded to, the Lower New
Red Sandstone has been affected by all the dislocations which have disturbed the coal

measures, and that the two formations are everywhere in conformable position, both at

high and low angles of inclination.

Volcanic Grit or Tufaceous Conglomerate.

Besides the shale and sandstone common to all coal fields, this tract is distin-

guished by containing a peculiar grit, frequently tinged green; the " Espley rock"

or "Blue rock" &c. of the colliers. It occurs in moderately thick strata in the

central portion of the field between West Bromwich on the east and Kings Swinford

on the west. In the southern district, however, i. e. south of the Netherton Canal,

it expands to vast thicknesses, and there forms the connecting link between the

coal measures and the Lower New Red Sandstone. On exposure it weathers to

dingy yellow, red and green colours
1

. The round topped hills of Haydon, which

are formed of it, may be taken as a centre, from whence it extends to the southern

end of the Rowley Hills, and all over Gorsty Hill through the district ranging from

Hales Owen by Corngreaves and Homer Hill to Cradley. This rock is briefly alluded

to by the Rev. J. Yates (Geol. Trans, vol. ii. p. 253.) and called a trap tuff, but neither

its relations to the productive coal measures nor to the other trap rocks have been

pointed out. From the vast quantity of trappean matter in its composition, I have no

hesitation in considering it a variety of volcanic grit, and as it alternates in many beds,

both with the Lower New Red Sandstone and the upper strata of the coal measures,

there can be little doubt that it was formed from the detritus of submarine volcanos,

which were in activity towards the close of the accumulation of the coal measures. It,

therefore, exhibits vestiges of the earliest volcanic action traceable in these parts ; for in

the sequel we shall show that the other trap rocks of this district (Rowley Hills, Barrow

Hill, Pouk Hill, &c.) instead of having a depositary character, have all been intruded

forcibly into the strata after their consolidation, because they dislocate and break up

the coal measures together with the volcanic grits under consideration. All the shaft

sections in the neighbourhood of Corngreaves pass through great thicknesses of this

grit
2

, which may also be studied in natural sections in the deep ravines of that pictu-

resque and hitherto little worked portion of the coal-field which ranges from Gorsty

1 See the dotted tract on the map extending from Hales Owen to Netherton and the south end of the Rowley

Hills.

2 See section, No. 3. p. 477, of the principal shaft of the Corngreaves works, obligingly given me by Mr. Best,

director of the British Iron Establishment. In this case I examined the specimens brought up from the original

sinkings.
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Hill and Corngreaves to Hales Owen. At the Rag Mill, on the banks of the little

stream near Corngreaves, a vertical cliff of 30 to 40 feet exposes in descending order

the following strata.

1. Coarse conglomerate of flattish and slightly rounded pebbles of quartz, compact felspar, and various trap rocks, varying

in size from a child's head to a bean, and imbedded in a greenish grey matrix of trappean detritus with fragments of green

earth.

2. Mottled, dark red and dingy yellow, marly, granular, softish grit, occasionally passing into concretions of red marl or

clay.

3. Dingy gi-een rock or volcanic grit (the blue rock of the workmen) made up principally of scoriaceous matter. It is

regularly iiiterstratified in beds varying from 8 to 12 feet, but like all depositary strata in this tract, it so wedges out, that

some shaft sections pass through a much greater number of beds of it than others.

I shall return to the consideration of the origin of this deposit in the next chapter,

having here merely described its composition and connection with the other stratified

deposits which overlie the coal.

Upper Coal Measures and 10 yard Coal.—In a district so much covered with loose

detritus, and in which the records of different shaft sections are full of discrepancies,

depending sometimes on natural distinctions, such as the thinning out of one stratum

and the setting on of another, but often upon inaccurate data, it is useless to record all

the details. Such only, therefore, as I think can he depended on, and may serve to

establish general views, are brought forward 1

.

Owing to the great disturbances to which that part of the field which contains the

" ten yard coal" has been subjected, whether by the upheaval of the Silurian or trap

rocks, or by great dislocations both longitudinal and transverse of which we shall treat

hereafter, the same measures are reached at very various levels in different localities.

Thus, in some situations, shafts are sunk through shale and chinch with bands of sand-

stone, to depths exceeding 100 yards, before traces of coal are met with ; while in many
collieries, as near Wednesbury, all the overlying seams of coal and coal-smut which con-

nect the coal measures with the Lower New Red Sandstone, have been removed or have
thinned out, and the ten yard coal rises at once to the surface. It was this natural

outcrop of the thick coal which led our ancestors to work it in open quarries. As soon

as these day works were exhausted, shafts were sunk where the strata dipped beneath

1 Since these chapters were written, an useful, small work (explaining the method of working coal mines),

has been published, entitled the Miner's Guide, by Mr. Thomas Smith. The reader will find that the details

of every shaft section therein, differ from those I have collected, thus adding strength to the argument founded

on the variety of composition of the strata in different parts of the field. At Highfields near Bilston, for ex-

ample, the " flying reed " is stated to be sixty-eight yards above the " ten yard coal," while at Deepfield, also

near that place, the same coals are separated by twenty-eight yards only of measures. Mr. Smith also gives a

section of unsuccessful boring through the Red Sandstone at Smethwick, to a depth of 187 yards.

This author does not attempt to point out the order of superposition of the fundamental rocks. He talks, for

instance, of the Dudley limestone as mountain limestone, and describes the concretions of the Sedgely limestone

as having been rounded by attrition, so as to form a conglomerate ; and further, considering this field a basin,

he states that its old limits being marked by nature, will not be found to extend beyond its present boundaries !

3 N
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the surface, and the same thick coal was regained at depths, varying from one to two

hundred yards. In sinking these shafts, the miner soon perceived, that the coal mea-

sures generally succeeded each other in a given order. Thus, he found in descending,

that at a certain number of yards (more or less in different places) courses of smut and

poor coal, including the two foot seam, were interlaminated with shale and sand-

stone ; that passing through these strata, a bed of good coal occurred, from two to five

feet thick, and again penetrating through numerous other strata, in some places con-

taining an uncertain seam of coal (the flying reed or red) \ he reached the same thick

mass of coal which had been previously worked out at the surface. Again, in sink-

ing to greater depths, lower coal measures with iron stone were discovered. The

uppermost coal bed worthy of notice was termed the " broach coal," as being the index

by which the rich field was broached or tapped. In like manner a variable coal seam

which expanding and contracting (occurring at intervals only), received the name of

" flying reed." Now in most of these details we have little more than the ordinary ac-

companiments of other coal-fields ; for in previous chapters we have abundantly ex-

plained, how a stratum which is composed of sandstone in one part of a field, tapers

out and passes into clunch and shale at no great distance ; while coal beds deteriorating

in their course, become shale, and beds of shale (often in a very short horizontal dis-

tance), graduate into coal. (See pp. 101—102.)

In consulting the sections, p. 477, the reader will find abundant proofs of these

conditions. Thus the " broach coal " occurs at very various depths. In one shaft,

it is separated from the great coal by a considerable thickness of measures, including

the "flying reed coal," while in another the "broach" and the "great coal" lie

within a few yards. These phenomena are, indeed, no longer subjects of surprise to

geologists, since they are explicable by reference to the natural operations by which

sand, gravel, mud and vegetable substances have been, and ever will be, accumulated,

under large lakes and seas. On this point I refer my reader to the general views con-

cerning the origin of coal-fields, p. 148.

The prevailing succession of the coal strata in the central parts of the field, where

works had been long in existence, is given by Mr. Keir, and is copied from his letter

into Dr. Thomson's sketch, and thence into the Geology of England and Wales, p. 409.

These sections, however, referred merely to a limited tract, then known as the coal-field,

rigorously bounded as it was supposed by certain faults. I therefore annex other

sections of shafts more recently sunk in various parts of the field which establish the

1 The Flying Reed, as described by Mr. Keir and Dr. Thomson, is where the two upper beds of the ten

yard coal separate from the chief mass; beds of shale, ironstone, &c, setting in between them for a thickness

sometimes of about twelve feet. In a section, however, at King Swinford furnished by Mr. Downing (No. 1.

table, p. 477.), the Flying Reed is separated from the thick coal by upwards of forty-two yards of measures ! !

so little is a section taken from any one part of the field applicable to another. In this respect the field much

resembles that of Coalbrook Dale, (see p. 101.)
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succession of very different strata
1

. It is difficult at this day for any geologist to deter-

mine the precise relations of all the upper strata in every part of the coal-field which

has been long worked, so much is the surface obscured, and so frequently have all

records perished. It is, however, sufficient to state generally, that in most parts the

upper measures consist of shale or clunch, with occasional courses of sandstone ; the

former being in much the greatest abundance, though the latter rises to the surface in

some places, as near Wednesbury and Bilston. The Wednesbury rock is one of the

highest in the series, occurring about 30 yards above the main coal, and being about 8

or 9 feet thick. That of Bilston lies immediately above the main coal, is 10 yards thick,

and occurs in both thick and thin beds, the former variety being used for building pur-

poses, the latter being a grit for whet and grindstones, &c. None of these sandstones

have any considerable horizontal extension.

Without further explanation of the nature of the superjacent rocks, I at once refer

the reader to the shaft sections, p. 477, by comparing which he will perceive that great

variations in the lithological characters of the strata take place, even in very short hori-

zontal distances. Examining, for example, the order of the beds at the Bare Moor and

Corngreaves Collieries, distant from each other only half a mile, among other marked

discrepances between the various seams of coal, ironstone and measures, it will be per-

ceived, that the white sandstone rock, which immediately overlies the thick coaly is at

one pit 35 yards thick, at the other only 4 yards. (See table, Nos. 2 and 3.)

Before we quit the consideration of the 10 yard coal-field, it should be stated, that

other masses of carbonaceous sandstone and grit, which rising up at intervals, throw

off on their flanks the coal measures, must be considered the inferior carboniferous strata,

properly so called, of this portion of the tract.

The fine-grained, thickly bedded, light-coloured sandstone (an excellent building-stone)

,

of which there are such splendid open quarries near Darlaston, north of Wednesbury,

clearly rises from beneath the 10 yard coal and immediately overlies the new mine coal

(the uppermost coal met with at Darlaston), the superior measures being absent.

These beds, about 70 feet thick, are very rich in fossil plants, the forms of which, as

marked by black carbonaceous matter, are beautifully contrasted with the light-coloured

sandstone in which they are imbedded 2
. The lowest of these sandstones is probably the

yellowish gritty rock of Gornals, between Dudley and Sedgley, which rises as a dome

1 These shaft sections are selected from a multitude of documents, because they describe the structure of

those parts of the district which have been most recently opened out, and therefore most clearly indicate the

differences between the strata now developed and those formerly known.

2 I made no collection of the plants of this coal-field, and am therefore unprepared to give a list. Many

of them, however, from both the sandstone and the shale, are already published in Lindley and Hutton's Fossil

Flora, and I have no doubt that in so rich a fossil herbarium some new species will be detected. A few splendid

examples, from the sandstone near Tipton, may be seen in the vestibules of the British Museum. The cabinets

of the Geological Society also contain specimens.

3 n 2
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and is extensively quarried, exhibiting thick bedded strata, largely used for building and
containing impressions of stems of plants and occasional thin partings of coal smut.

Lower Coal and Ironstone Measures.

It has been stated, that the lower coal and ironstone measures crop out from under

the 10 yard coal and extend into the great Wolverhampton field. In their spread to

the north, however, these lower strata assume very different lithological and mineral

characters, from those where they underlie the thick coal at Dudley, Corngreaves, and
in the portion of the field south of Bilston and Wednesbury. In most of the works,

which have hitherto been established, in the region of the 10 yard coal (near Dudley
or south of it), three courses only of workable iron ore have been ascertained ; whilst

in the Wolverhampton district six valuable bands are wrought 1

. Some persons may
think that this apparent dissimilarity between the productions of the northern and
southern fields does not really exist, but is merely due to the want of sufficiently deep

works. This opinion ought to have some weight in arguing upon the unproved beds

which may exist beneath the strata covering the coal near Hales Owen. It cannot, how-
ever, apply to the great central body of the coal-field ; for there the very lowest measures

appear repeatedly at the surface, in consequence of the protrusion of the Silurian and
trap rocks, and hence the practical miner has long been acquainted with the very bottom

of the field. Such outcrops occur around Netherton Hill—along the edges of the hills

of Dudley and Sedgley, particularly on the east side of the road from Dudley to Sedgley

—at Wednesbury ; and in none of these is there an indication of the rich ironstone

measures which occur in the Wolverhampton field. Hence the speculators in the

southern or 10 yard coal tract have always confined their sinkings to the beds with which

they were acquainted, and which seemed peculiar to their district
2

.

At Stourbridge, where the lower measures occupy a nook, flanked on three sides by the Lower-

New Red Sandstone, and on the fourth rise from beneath the 10 yard coal
\ though containing beds

of ironstone, they are chiefly worked on account of the saponaceous quality of the shale or fire clay

which is here so largely used for fire bricks. Three workable seams of coal have been wrought,

1 By a band of iron ore, I mean one of those groups of concretions and imperfect beds in which two or more

courses of the ore are often separated from each other by shale or clunch. Thus, though we talk of six. bands

of iron ore near Wolverhampton, the reader will perceive, that these constitute in reality 14 courses. (See Table,

p. 479.)

2 The general reader may be informed, that land in the productive ironstone tract of Wolverhampton, where

the lower coal only exists, is much more valuable than in the southern district, where both the thick and lower

coals are present. This anomalous assertion is reconciled by the fact, that the southern tract is so much less

rich in iron ore than the northern. It is seldom, indeed, that the mere existence of coal of any thickness and of

the very finest quality will of itself repay the speculators, and hence it is usual to transport the iron ore from

the Wolverhampton field to the pit mouths of the thick coal, south of Dudley, and there to smelt it,
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each averaging about 6 feet in thickness, and about 15 feet beneath them is the 4 foot bed of ce-

lebrated fire clay.

A good natural outcrop of the coal measures is seen on the eastern side of the Hayes. This has

been already alluded to, in treating of the Lower New Red Sandstone, and will be again adverted to

in describing the Silurian rocks which there cut out the coal. But the best of all the natural

outcrops of the lower coal beds which fell under my notice occurs near Ettingshall. The strata

there rise at angles of 30° and 35° from under the thick coal of Bilston, and appear successively

at the surface, on the side of the south-eastern end of the Silurian rocks of Hurst Hill, particularly

near the Coppice Meeting-house, as represented PI. 37. f- 4.

Three seams of coal are worked, and called the top, new mine, and bottom, with two courses of

fire clay, the lower of which lying beneath the bottom coal, as at Stourbridge, is considered the

most valuable. These lower measures are overlaid by a ferruginous grit and thick-bedded sand-

stone (a good millstone grit) containing many impressions of plants.

Four sections, furnished me by Mr. Downing, of the lower coal measures and ironstone, are an-

nexed (table, p. 478.), and as these are taken from shafts sunk near the northern end of the 10 yard

field, they are valuable accompaniments to those furnished from its southern end by Mr. Best, p. 477-

From these it will be seen, that as the field ranges to the north, the underlying measures become

more impregnated with iron, and in the Bilston Meadow pit we already perceive seven courses of

iron ore, of which five are of good quality.

. The structure of the northern end of these coal tracts has been well ascertained in the

neighbourhood of Wolverhampton, and also between that place and Wallsall, where

the ironstone measures approaching the surface have been very largely worked.

The first of the sections, p. 479, is that of the shafts at the Willington Colliery,

near Wolverhampton 1

, and may serve as a good type of the most valuable ironstone

measures known in that district.

The other sections on the same page relate to various parts of the northern field

near its eastern limits. See table, p. 480.

By comparing the section of the strata near Wolverhampton, p. 479, with those

given (p. 478.) in the neighbourhood of Bilston, we see how materially the strata of the

same age have changed their characters and dimensions in about two miles. Near

Bilston, the heathen coal is separated from the new mine coal by 37J yards of inter-

vening measures. At Willington, near Wolverhampton, these seams are 51 yards apart,

some of the intermediate beds having greatly expanded, while others have dwindled

away; the new mine coal, for example, which is about 4 yards thick near Bilston, having

become little more than 2 at the Willington Colliery.

In like manner, although the last-mentioned section affords an average sample of the

coal strata near Wolverhampton, it does not apply to the area north or west of that

place. Thus, the section through the whole of the coal measures at the Rough Hills,

north of Rushall and Daw End, differs very materially, while at the Birch Hill Col-

1 Supplied by Mr. W. Barker.
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lieries, the detail of the beds annexed is in many respects peculiar and unknown in other

parts of the field. (See sections, p. 480.)

These sections exhibit many repetitions of strata, which slightly differing from
each other in mineral ingredients, and succeeding each other in finely laminated

beds of different colour, must have occupied a very lengthened period in their accumu-
lation. In pointing out the discrepancies in mineral characters between strata of the

same age in different parts of the field, it is obvious, as before stated, that such phe-

nomena are strictly analogous to what we should suppose to have resulted from the

circumstances under which such strata were accumulated. (See pp. 149 et seq.)

This northern part of the coal-field is interesting to geologists, not only as abounding

in well preserved impressions of plants (for these are common to all coal-fields), but in

containing a considerable number of animal remains which are of rarer occurrence in

the southern tract
1

. These consist of several species of Uniones and fishes, some ofwhich

appear in the ironstone concretions, but the greater part are found in the beds of black
" bat'' a dull, compact, bituminous shale, which sounds under the hammer like wood,

and splits into flat and thinly laminated fragments. The Uniones occur in great quan-

tities in some of the old works in the western slopes of the Birch Hills, near Bentley

Hills, and also in the Lanesfield collieries. They consist of several species which have

been examined by Mr. J. Sowerby, some of which are new and will be published in the

Mineral Conchology.

At Lanesfield, these shells are associated with the remains of several genera and species

of fishes, which, according to M. Agassiz, are

Megalichthys Hibberti, Agassiz.

Megalichthys Sauroides, Agassiz.

Diplodus gibbus, Agassiz.

Coprolites offishes and scales, &c.

These organic remains are of great interest, in establishing a geological identity

between the coal measures of the Dudley district and those of distant parts of Great

Britain. The same species of fishes, associated with scales, teeth, coprolites, &c, are

here found commingled in a finely levigated, hard, black shale
2

,
precisely similar (I

speak in both cases from personal comparison) to that in which they were first dis-

covered by Dr. Hibbert at Burdie House near Edinburgh, and I have no doubt that an

assiduous fossil collector in the Staffordshire field would discover many more of the

species which occur in the rich emporium of the Scotch coal measures. That these re-

mains have also been deposited in the adjacent coal-fields of north Stafford
3
(Newcastle

1 I have just been informed, and therefore too late to become acquainted with the species, that Mr. Black-

well of Dudley possesses some fine specimens of fishes from the Dudley coal-field.

2 The bat of Staffordshire.

3 T have indeed myself received specimens of this coal tract from Mr. Garner, among which, besides the two

common species of Megalichthys, Professor Agassiz recognised Holoptychm, another of the genera found at

Burdie House, but of a new species, to which I hope he may assign the name of H. Garneri.
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under Lyne, &c.) has been already proved by the discovery of Sir Philip Egerton, Bart.,

who has found at Silver Hill near Madeley (see map) several species, including those

observed by myself in this district, associated with the same Uniones as in the Wol-

verhampton field. Again, several species of these Uniones are equally abundant in the

coal-field of Coal Brook Dale, where the discoveries of Mr. Prestwich prove that they

are also found in ironstone measures associated with the same fishes 1
.

The marked differences in the mineral character of the measures of the north or Wol-

verhampton tract, as compared with those of the Dudley district, are not confined to

the beds of coal and ironstone ; for while in parts of the Dudley field, large masses of

sandstone form the base of the carboniferous series, such rocks are wholly wanting in

the northern tract, the strata of shale and ironstone being at once incumbent upon

Silurian rocks.

1 I have little doubt that, when well examined, all the coal-fields of England will be found to contain the

characteristic species of the Scottish and other coal-fields already published byAgassiz. Mr. Bowman of Gres-

ford called my attention some time ago to the fact of the prevalence of Megalichthys and other fishes in the

Denbighshire coal-field.

In referring my readers to the instructive shaft sections in the following pages, I

cannot avoid noticing the obligations I owe to several gentlemen connected with this

coal-field. To the names of Mr. Downing, Mr. Best, Mr. J. Barker, and Mr. Dawson

already mentioned, I must add those of Mr. W. Mathews of Green Hill, Mr. Bennett

of Dudley, and Lieutenant Eaton, R.N., to all ofwhom I am indebted for much obliging

assistance.
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Section through the Lower New Red Sandstone to the Coal Measures at Christchurch.

yds. ft. in.

C
Soil, ioam, &c.

J
Reddish clay .Loose

materials.

l_Red sand (incoherent)

1. Reddish and green argillaceous marl, tending to

yds.

9

ft. in

0 0

1 2 0

10 0 0

4 0 0

3 0 0

2. Dingy red and brown, hard calcareous sandstone,

with small concretions and blotches of clay,

sometimes of greenish colour 2

3. (Grey rock parting.) Hard calcareous grit, com-
posed of pinkish and grey fragments of quartz

and other rocks, in a calcareo-siliceous cement. . . 0

4. Deep red argillaceous marl with small spots of

green (red chinch of miners) 2

5. Mottled reddish brown marl, arranged in small

concretions, much more calcareous than the

overlying strata (light brown ground) 2

6. Cornstone, viz. dark purplish brown concretions

of very impure, compact, argillaceous and ferru-

ginous limestone 0

7. Green and red marl (effervesces slightly) 0

8. Slightly calcareous grit, mottled dingy red and
green, with some whitish grains of felspar 0

9. Deep ruddle red argillaceous marl, in parts slightly

calcareous 15

10. Mottled red and green indurated concretionary

marl, approaching to cornstone

1 1 . Brownish red and green, mottled, argillaceous marl

12. Mottled ground, as above, very slightly calcareous

(rock binds of miners) 5

13. Slightly pinkish grey grit (identical with No. 3.)

14. Mottled red and green sandy marlstone 0

15. Fine grained red, hard, calcareous sandstone, with

parting 0

16. Deep red argillaceous marl, with occasional small

green spots 3

18* Ditto' J"

seParatecl by stone partings

18 Ms. Hard light coloured calc-grit, similar to Nos. 3

and 13 0

19. Whitish and mottled green marl (highly calcareous

in the partings) 0

20. Deep red marl, as above 4

21. Mottled brownish marl, small concretionary, cal-

careous in parts, (fire clay of miners) 0

22. Ruddle red marl, as above

23. Mottled layer, like No. 21 0

24. Deep red and green marl 7

25. Dark reddish brown argillaceous marl, almost

shale

26. Mottled red and green sandy marl, passing into

marlstone 5

27. Red marl 2
28. Dull red, mottled argillaceous sandstone 3

29. Dullred,argillaceous, slightly micaceous sandstone

(rock binds of miners) 3

30. Ochreous shale, reddish surfaces, (yellow fire clay

of miners) 0

31. Mottled, dingy purple, calcareous sandstone, with

a few small deep red blotches ofmarlstone highly

calcareous

(This rock much resembles the " grindstone" of

Stanley and Higley on the Severn, see p. 60.)

32. Deep purple argillaceous marl 0

33. Light red, fine-grained calcareous grit, almost a

sandstone, joints lined with small crystals of calc

spar, partings of white grit, and basis of decom-

posed felspar 6

34. Deep purple red and green mottled marl 2

35. Very finely laminated red and white highly calca-

reous sandstone, with much ferruginous matter

(not less than 100 alternations in the 3 inches).

36. Dull reddish brown shale, argillaceous marl 0

37. Dingy purple calcareous grit

4 1 . Dingy red argillaceous grit, very slightly calcareous

42. Deep red marl

43. Mottled red and white grit, with decomposed

. felspar

2 6

2 0

2 0

9 0

0 0 9

0 1 6

o X

15 2 0

1 1 0

2 2 3

5 2 0

0 0 1*
0 o

£i

n 1X li

o nyj 7i

1 1

2 q

o 2 3

4 1 6

0 0 6

7 2 6

0 0 6

7 2 6

0 0

5 0 0
2 0 0

3 0 0

3 1 6

0 2 0

1 1 0

0 1 6

6 3 0

2 0 0

0 0 3

0 2 9

0 2 0
4 0 0
4 2 9

3 1 6

0 2 0

0 2 0

1 0 0

44. Deep red slightly micaceous argillaceous sandstone
45. Highly micaceous dark red sandstone, very slightly

46. Dingy red gritty sandstone, with whitish grains of

decomposed felspar, very slightly calcareous

47. Fine grained streaked ditto, with very minute
spangles of mica

48. Mottled dark and light red concretionary marlstone,

49. Sandstone, red and greenish, very slightly calca-

reous and micaceous
50. Lightish grey sandstone, streaked with purple la-

51. Dingy red sandstone, with mixed whitish grains of
decomposed felspar

54. Hard dark purplish grit, slightly calcareous and

white felspar

56. Hard micaceous marlstone of deep red and spotted

green colours and small concretionary structure.

57. Dingy red and greenish grey argillaceous sand-

stone, with casts of plants, crystals of heavy spar

58. Pinkish,light grey,hard gritty sandstone,with grains

of white decomposed felspar, slightly calcareous.

59. Hard dark red rock and parting
;
purple ditto, with

greenish white spots

60. Maroon coloured shale (binds), with whitish part-

ings and a conglomerate at the base

61. Dark brownish purple and yellowish mottled shale

(fire clay)

62. Lilac coloured sandstone, separated by purple binds

63. Dark red conglomerate with fragments of coal, grit,

and stems of coal plants, pebbles of older rocks,

quartz, &c, cement spotted light green, &c, with
64. Grey shale in separating bands
65. Greenish shale bands

Gritty sandstone
66. Light grey rock

67. Dark purple rock

68. Greenish coloured binds with grey parting

69. Dark purple binds with red spots

.

73. Light purple and grey ground, becoming a deep
purple in descending (shale)

74. Mingled yellow and dark grey ground, with

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Grey clunch and streak of coal at 270
yards, another at 271J yards, with
" bat " at the bottom 1

Grey fire clay and ironstone

Light greenish grey and red grit, the Esjoley rock

of the miners, a sort of volcanic grit, composed
of minute pebbles of quartz and trap in a greenish

ground, apparently made up of volcanic detritus.

Grey binds as way-boards, with seams of smut...

Dark grey clunch and bat

Dark coloured fire clay, lighter towards the bottom
Coal.

Grey fire clay

Coal, supposed to represent the " Broach " coal ...

Grey fire clay rock

Coal, supposed to represent the " 10 yard coal,"

Grey clunch and " lambstone," an ironstone

Coal, supposed to be the Heathen coal 0
"White ironstone ground
Grey fire clay and ironstone

0 2 0

A0 1 b

21 0 0

oz A AU
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0 2 0
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2 0 0
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3 2 0

0 2 0
1 1 0
1 1 0

4 2 0

309 0 0

1 " Binds " and
hammer.

Clunch" are varieties of shale. " Bat " is a hard, black, bituminous shale, which sounds bke a board under the
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L Kings Swinford Colliery.

(Lord Ward's.)

yds. ft. in.

From the surface to the broach
coal (record of the strata not
preserved) 79 1 6

Broach coal 1 1 0

From the Broach coal to the flying

reed coal 13 0 8

Flying reed coal 1 0 0

From the Flying reed to the Thick
coal 42 1 11

Thick coal 1 (composed of)

yds. ft. in.

White coal 0 2 7
~

Parting 0 0 5|
Tow coal, Floor and

Heath coal 11 4
Shed and Brazils ... 0 1 2

Shed 0 0 1

Veins and fine coal... 10 6 I * 9
Hardstone parting... 0 0 7

|

Stone coal 10 2

Parting 0 0 4|
Sawyer 0 2 3
Parting 0 0 1

Slipper 10 6

Benches or Kit coal .0110

Total 145 2 0

2. Bare Moor Colliery.

(half a mile distant from Corngreaves.)

yds. ft. in.

Gravel and clay 2 2 0

Brown rock 3 0 0

Blue rough rock 3 0 0

Blue chinch 2 0 0

Strong white rock 2 0 0

Red marl 12 0 0

Red rock 10 0
Blue rock 6 0 0
Fireclay 110
Pale rock 12 0

Blue rough pebble rock (same as

at Rag Mill) 6 0 0
Blue rock 10 0
Red marly ground 3 0 0

Blue pebble rock 1 0 0
Red parting 0 10
Blue pebble rock or blue rock ... 2 0 0
Grey chinch 2 0 0
Black smut 0 0 6

Pale chinch 4 0 0
Blue clunch 2 0 0
Blue pebble rock 0 2 0
Fire clay 3 0 0
Grey clunch, with balls of iron-

stone 6 16
1st. Coal 0 0 6
Dark mixed ground 1 1 0
2nd. Coal 0 12
Dark mixed ground 1 1 0
Broach coal 0 1 8

Broach stone measures 1 1 6
Yawn coal 0 1 0
Pins and Penny stone 2 1 0
Pale rock-binds, with balls ofiron-

stone 5 2 10
Strong white rock (sandstone) ! 35 0 0
Strong rock-binds, with stone ... 11 0 0
Cat heath 3 9 0
Thick coal 10 1 0

Bat 0 2 8

Grain iron stone 1 1 3
GlJBBIN IRON STONE 0 2 8

Heathen coal 1 0 6

Fire clay 1 1 0

Cross stone 0 1 0

Rock and parting 0 1 6

Bottom Heathen coal 0 2 6

Bat 0 1 5

Ball stone 0 2 2
White iron stone 0 1 2

Total 153 0 5

3. Corngreaves Colliery,

(distance from Kings Swinford 4 miles.)

yds. ft. in.

Surface materials, &c 2 0 0
Dry sandy ground 2 2 0
Red clay 2 1 0
White clay 12 0
Red sandy ground 2 2 0
Red marly ground 4 1 0
Whitish marly ground 3 1 0
Red ground 2 1 0
White soft ground 1 2 6
Red and green ground, marly, &c. 5 0 6
Red sandy ground 5 0 0
" Blue rock " and blue petrified

rock of miners (volcanic grit).. 8 0 0
White mild ground 0 2 1

Blue rough rock (tufaceous con-

glomerate) 0 3 2
Red and green ground 5 0 0
Blue bind, clod and ironstone ... 32 0
Blue soft ground 1 6 0
Red and blue ground 4 0 0
Blue hard rock, (i. e. green vol-

canic grit) 4 0 0
Blue mild rock 12 0
Whitish rockand blue soft parting. 110
Red marly ground 11 2 0
Blue rough rock (tufaceous con-

glomerate) 4 0 0
Marly ground 4 2 0
Blue clod 3 0 0
Blue rough rock 3 0 0
Dark clunch 0 2 0
Blue rock bind 2 2 0
Red and blue marly ground 2 1 0
Blue mild rock 0 2 0
Red and blue marly ground 6 1 6
Stray blue rock 1 2 0
Rock binds, with iron stone 2 1 0
Fire clay parting 0 1 0
Red and blue ground 116
Blue rock 10 0
Red and blue marly ground 2 0 0
Blue rock 2 0 0
Mixed (mottled ?) ground 2 10
Blue rock 2 1 0
Rock binds, with rough balls of

ironstone 8 0 0
Blue clunch, with ironstone 2 1 0
Little coal 0 0 6
Dark bat 0 0 6
Bat and fire clay 1 1 6
Little coal 0 1 2
Dark mixed bat 2 1 0
Broach coal 0 1 9
Broach stone measures 110
Little coal 0 1 6
Pins and Penny ironstone ... 41 7
Rock binds 11 1 0
White rock (sandstone) 4 2 0
Brown peldan 10 6
White rock (sandstone) 0 2 0
Rock binds, with ironstone... 20 1 6
Black bat 0 2 0
Thick coal 9 1 11
Bar... 0 0 6
Black stone measures and
gubbing : 12 0

Heathen coal 0 2 0
Bat 0 0 6
Fireclay 116
Cross stone bats 110
Dark mixed ground and fire clay. 2 0 0
Bottom Heathen coal 0 2 0

Total 202 0 1

N.B. The word Hue, as used by the col-

liers, in mineralogical language means green.

1 The following table, taken from Smith's Miner's Guide, compared with the details
of the 10 yard coal above, will show the difference in various parts of the field.

10 yard coal (West Brom-
wich.)

10 yard coal (Highfields

near Bilston.)

10 yard coal (Moat near
Tipton.)

yds. ft. in.

Rover coal 0 2 0
Slipper coal 1 0 0
White coal 10 0
Tow coal 0 2 0
Brazils 10 0
Foot coal 0 2 6

Foot coal 0 2 6
Stone coal 11 0
Slipper and sawyer. 110
Benches 0 2 3

9 1 3

yds. ft. in.

White coal 1 0 0
Tow 0 2 0
Brazils 1 0 6
Parting 0 0 2
Foot coal 0 2 6
Bat 0 2 0
Slips coal 0 2 0
Stone coal 10 0
Patchels 0 2 0
Sawyer 0 2 6
Slipper 1 0 4
Humphreys 0 2 6

9 1 6

yds. ft. in.

Rover coal 1 1 0

Parting 0 0 2
Slipper 0 2 0

Parting 0 0 3

White coal 10 3
Tow coal 10 0

Brazils 0 16
Foot coal 0 16
Parting 0 0 6

Slips coal 1 0 0
Bat and stone 0 0 7

Stone coal 11 0
Slipper and sawyer. 110
Parting 0 0 3
Benches 0 2 0

3 o
10 0 0
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Sections of the Lower Coal Measures as worked beneath the 10 yard Coal.

a.

Highfjelds.

yds. ft. in.

To the bottom of the

thick coal 140 0 0

Sundries 9 0 0

Heathen coal 0 2 6

Dark chinch 3 1 0

Penny coal 0 2 0

Strong brown blow-
ing rock 5 2 9

COSELEY NEW MINE
ironstone, three

measures of 2, 3

and 4 inches, lying

in strong clod ... 10 7

Dark clunch 4 1 6

Stinking coal 0 2 0

Rockmixedwithpen-
ny stone, twisted

irregular ground . 10 4 2

Very strong peldon.316
Dark strong rock ... 7 10
Coal... 2 0 01
Parting 0 2 10 \* . 4 1 10

Coal... 12 Oj
* New mine coal.

Brown gritty rock. . . 2 0 0

Coal 0 2 0

Dark brown fire clay,

good *.. 2 1 4

Coal 0 2 0

Rock 0 2 4

Ball ironstone
very good 0 1 0

Dark bat 1 1 0

PooRRoBiN,good... 0 2 6

Coal, inferior 11 9

Rock mixed with fire

clay 3 0 0

Underlying measures

sunk through 10 0 0

Total 206 0 0

To the bottom of the

Rock

Rock binds

Binds.

Rock
Coal... 1 2 7

Parting 0 2 0

Coal... 2 0 0

Coal

Clod
Black bat

Coal

Rock

Poor Robin stone.

Slum and coal

Rock
Dark clunch .

Black bat

Slums

yds, ft. in.

98 0 o

i oV n

n O q

o 2 5

2 0 5

o o

3 0 o

\ o g

\ 0 o

\ 1 3

o 1 o
1 ] 10

1 o 4
K 1 6

o 2 g

14 1 3

4 1 7

4 0 0

0 1 0

2 0 2

1 0 0

0 0 6

1 2 0

1 2 8

. 2 0 2
0 0 1

. 0 1 6

. 4 0 6

. 1 1 11

. 1 0 11

. 1 1 8

0 1 6

. 0 2 0

1 0 4
. 0

3

1 0

. 1 0 I

. 2 0 2
2 0

105 0 0

yds. ft.

To the bottom of the

thick coal 38 0

Sundries 8 0

Heathen coal 0 1

Clunch and iron-
stone 3 0

Coal 0 0

Black bat 0 2

Binds 1 1

Peldon and free stone 1 2

Ironstone measures . 0 2

Ironstone 0 1

Mellow clunch 2 1

Coal 0 1

Fire clay 0 2

Bands '

13 0

Peldon 0 1

Bands 12 0

Grey rock 0 2

Coal... 1 2 3

Parting 0 13
Coal... 1 1 4 y*... 4 1

Parting 0 0 4

Coal... 0 2 0
* New mine coal.

Fire clay 2 1

Black ground 0 1

Coal 0 1

Black ground 1 0

Clunch 0 2

Ironstone, very good 1 0

Coal 0 1 61
Parting ...0 0 5 1 1

Coal, good 1 0 0 J

Fire clav 0 2

Cluncb" 0 1

Ragged rock 0 0

Ironstone mine,
very good 0 2

Strong bands 1 3
Grittvrock 0 0

Fire clay 0 2

Dark clunch 2 0

Rock 0 0

GUBBIN IRONSTONE. 0 1

Gritty rock 10
Ironstone 0 0

Blue clunch 0 2

Rock and clunch ... 2 2

Dark clunch 1 1

Coal, strong 0 2

Dark clunch 0 2

Bat and soft coal ... 2 0

Blue clay 0 0

FOIIRMEASUREIRON-
STONE 1 0 11

d.

Lane's End.

To the bottom of

thick coal{ depth

Table bat.

yds. ft. in.

Rock binds

Strong white rock

.

Peldon
Rock binds

New mine iron-
stone

Total 122 0 0

Grey rock

Strong hard rock

Top coal 12 8

Parting .00 6

Coal ... 0 1 10
* New mine coal.

Dark clunch ..

Coal... 1 1 11

Parting 0 0 8

Coal... 0 2 9
* Fire clay coal.

Getting rock and
stone

Strong grey clunch

Basses

Poor Robin iron-
stone

Basses

White ironstone
Coal... 0 16
Parting 0 0 4

Coal... 12 3,
* Bottom coal.

Fire clay ....

Coal

Mixed rock

,

0 0 o
1 2 3

0 2 9

1 2 0

5 1 q

0 2 6

2 1 i

2 1 o
O 9 A.

0 2 4

1 2 0

1 2 1

1 2 \

3 2 3*

1 0 3

3 0 0
9 0 o

O 2 R

3 1 9

0 2 9
9 0 X

1 u •2>

5 1 6

3 2 8

0 0 9

2 2 0

1 2 9

2 1 11

3 1 0

1 0 7

2 2 4

3 1 2

0 1 4

1 1 9

0 1 4

1 2 7

1 0 6

1 0 2

1 0 6

2 1 1

1 2 4
1 0 4

3 2 1

Below thegreat coal 84 0 11

e.

Strata sunk through in a pit at

Mr. Gibbons's Level Collier)'.

yds. ft. in.

Bottom of main coal. 0 0 0

Gubbin measures and
1st heathen coal 5 0 0

Bat 1 0 0

2nd heathen coal ... 0 2 6

Clunch 7 0 0
White ironstone
measures 0 2 0

Clunch 12 0
Stinking coal and fire

clay 110
Strong gritty fireclay. 3 0 0
Fire clay 113
Smut 0 0 9
Dark fire clay 10 0
Red rock and fire clay 2 2 9

Dark brown rock ... 200
White rock 0 10
Dark clunch 026
Coal 0 16
Fire clay 2 10
Strong dark clunch,

with balls of
IRONSTONE 1 1 0

Dark broad binds,

with shades of coal 0 2 3
Coal and bat 0 1 6

Fire clay 2 0 3
Strong dark clunch,

with BALLS OF
IRONSTONE 2 0 5

Strong white rock ... 110
Broad earth, with
BALLS OFIRON STONE 113

Coal 0 10
Black bat 0 0 5

Fire clay 128
Coal and bat 0 1 5

Fire clay mixed with
stone 114

Gritty rock and fire

clay 2 2 0

Blue clunch 114
Fire clay 018
Coal and bat 00 8

Rock and fire clay ... 3 13
White rock 2 2 0

Fire clay and clunch . 3 0 6

White rock 0 2 6

Fire clay and clunch . 3 0 0

White rock 12 8

Dark parting 0 0 3

White rock 0 2 0

Blue binds 02 0

Rock and fire clay ... 3 15
Black bat., 0 0 8

Fire clay and clunch . 12 8

Clunch and fire clay 3 0 0

Gritty rock and clunch 2 0 0

Black bat and clunch 0 16
White rock 2 12
Red clunch 1 1 6

White rock and clunch 2 0 0

Parting 0 0 8

Soft rock, with shreds

of coal 10 4

Dark clunch 1 0 6

Soft clunch 0 14
Dark gritty rock 7 18
White spar ? 0 0 3

Conglomerate 0 2 9

Light blue clunch ... 10 0

Boring in red clunch . 20 0 0

Total beneath thel iig 2 0
main coal j



SHAFT SECTIONS OF THE IRONSTONE AND LOWER COAL-FIELD. 479

1. Willington near Wolverhampton,
(very productive mines.)

Soil

Sand and gravel 2 2

Red clay 2 0

Blue clay 1 0

Dark chinch 4 0

Heathen coal 1 0

Dark chinch 3 1

Rubble coal 1 0

Dark chinch 1 2

White rock 1 2

Rock binds 2 0

Light clod 0 2

Top hinds 0 0

Light clod 0 1

Bottom binds 0 0

New mine chinch 0 1

g f New mine top stone 0 0

•| pt | J
Light chinch 1 0

£ 2 B 1 New mine bottom
jg?

83

l_
STONE 0 1

Penny stone measure 6 0

Sulphur coal 1 0

Soft clunch 6 0

Rock binds 8 0

Stony peldon 1 0

Rock binds 6 0

Sharp white rock 1 0

Rock binds 8 0

White rock 0 1

Soft clod 0 1

New mine coal 2

Stony dark fire clay 1

Fire clay coal and bat 3

Fire clay 1

Little coal 0

Stony bat . 3

Poor Robin f Poor robin iron-

ironstone. \ stone and clod 0

Stony dark clod 1

Whitry including whitry stone ... 1

"Black ironstone 0 0

Bass 0 0

White ironstone 0 0

Clod 0 0

Bottom white ironstone. 0 0

Clod 0 0

Brown ironstone 0 0

Soft"white clay 0 0

Cannel coal 0 0

Gaynes {species of coal) 0 2

Soft fire clay 0 0

New mine bottom coal 3 0

Soft white clay 0 0

Stoily fire clay and rocks 2 0

White clod 2 0

Balls
f"
Balls ironstone 0 0

iron- \ Clod 0 2

stone. L Balls ironstone 0 0

Dark clod 0 1

Gubbin |~ Gubbin ironstone ... 0 0

iron- \ Clod 0 1

stone. |_
Gubbin ironstone ... 0 0

Clod 0 1

Slums, a kind of coal 1 1

Stony brown rock 8 2

Green rock 8 1

Coal slums 0 2

Brown fire clay 2 0

White rock 0 1

Light clod 1 1

Rock 0 0

Clod • 0 0

Blue flats ironstone 0 0

Clod 0 1

Blue flats chance 0 0

Clod 0 0

Bottom blue flats 0 0

|
e 1

yds. ft. in.

.009
0

0

0

0

0

0

0

0

0

0

0

2

6

3
0

3

3

6

0

0

0

0
0

0

0

0
6

G

0

6

8

6

6
0

3
0

9

3

6

6

9

3

6

3

1

6

0

6

1

1

0

0

8

6

6

6

6

0

3

0

0

0

0

6

0

6

0

2
6

5

0

5

6

2

2. Rough Hills north of Wallsall.

Total 114 0 5

yds. ft. in.

Surface

Red ground "1

I 14 o o
Clay

[

Dry sand... J
Whitery and blackery 2 0 0

Little gubbin 0 2 6

Table bat 1 1 0

White clunch 8 0 0

Heathen coal 0 2 3

Bat 0 1 2

Grey rock and clunch 4 0 0

Rubble coal 0 2 4

White clod 6 0 0

Peldon 0 0 6

New mine stone 12 0

Penny stone measures 7 0 0

Stinking coal 1 0 0

White clunch 3 1 6

New mine rock 18 0 0

New mine coal 2 0 4

Fire clay and rock 9 0 0

Fire clay coal 3 0 0

Dark ground 4 1 6

Little coal 0 2 0

Fireclay 12 6

Getting rock 0 0 6

Parting 2 1 6

Poor robin 0 2 6

Dark clod 2 1 0

Basses 0 2 0

Black and white stone 11 0

Brown stone 0 1 8

Basses Kenneys and lamb 0 2 11

Bottom coal 3 0 0

Fire clay and rock 4 0 0

Roof 1 1 0

Balls and gubbin 2 1 0

Dark clod and slums 1 2 4

Fire clay and rock 5 1 6

Singing coal 1 0 6

Fire ciay and rock 8 0 0

Blue flats 2 0 0

3. Birch Hills east of Wallsall.

Total 137 0 4

yds. ft. in.

Clay 3 0 0
Heathen coal 0 2

Bat 0 0

Fire clay 0 3

Clunch 0 2

Brown bat 0 0

'Brown ironstone 0 0

Brown bat 0 2

Brown (iron) stone 0 0

Rock bind or strong clunch. 3 0

White (iron) stone 0 0

Chinch 0 2

White stone 0 0

Clunch 0 2

White stone 0 0

Black stone 0 0

Clunch with concretions

(cakes) of ironstone (one

inch thick) , 1

(Penny Measures)
Clunch with concretions of

ironstone 3 0

Stinking coal 0 1

Fire clay—impure 2 0

Rock binds or strong clunch 9 0

Strong-bedded white sandstone . . 6 0

Coal, (yard coal) 1 0

Fire clay 2 0

Sandstone rock (whitish) 4 0

Peldon, a hard grit 2 0

Rock bind 7 1

Coal, (four foot coal)

Brown bat 1

Rock binds 1

Strong white rock (sandstone) ... 0

Rock binds 4

Brown bat mixed with coal 0

Coal {fire clay coal) of poor

quality 0

Fire clay and poor coal alter-

nating 1

Brown bat 0

Rock binds 2

Strong grey rock 0

Dark clunch with concretions of

ironstone (cakes) 3

Ironstone, nodular, with many
Uniones 0 0

Clunch 0 3

Coal separated by eight inches of

brown bat 4 0

Fire clay 0 1

Grey clunch 2 0

Ironstone (Gubbing) 0 0

Dark clunch 0 1

Coal parting and fire clay 0 0

0 6

7

1 1

2 5

0 0

5

9

Total 76 1 4

The ironstone measures, called the " ball

stones," and the blue fiats are supposed to

occur 30 yards and upwards beneath the

bottom of this shaft.

At the Lane Head works, distant from
those of the Birch Hills about a mile and a

half, the " brown ironstone measures " of

the same section are entirely wanting.

Again, two of the coal seams, which at Lane
Head are separated by a great thickness of

other measures, are so close together at

Monmore Lane Collieries, distant only one
mile, that they are simply divided by a few
feet of impure coal shale, the "hob and
job " of the workmen.

3 o 2



CHAPTER XXXVI.

STAFFORDSHIRE AND WORCESTERSHIRE COAL-FIELDS {continued).

Upper Silurian Rocks (Ludlow and JVenlocJc formations) support the Dudley and

Wolverhampton Coal-Field and rise through it in separate masses.—Lickey

Quartz Rock shown to be Caradoc Sandstone, or Lowest Silurian stratum of

this district.—Intrusive Trap and altered rocks.—Lines of elevation and dis-

location.— Extension of Coal Measures beneath the New Red System. (See

Map and PL 37. figs. 1 to 9.)

We have now to consider the relations of the strata which support the coal measures

described in the last chapter.

These deposits consist of the Upper Silurian rocks or Ludlow and Wenlock forma-

tions, which in parts of the field rise from beneath the carboniferous strata without the

intervention of any other rocks. They do not, however, appear in their regular order

of superposition as in Shropshire, Herefordshire and the South Welsh counties, but

form insulated domes or islets ; and hence it would be impossible for any observer who
had not studied their position in other districts, to determine which of these formations

is the younger 1

. Each of them contains a limestone, the one the black limestone of

Sedgeley, the other the well-known rock of Dudley. By consulting their fossil con-

tents and unravelling their relations, I have been able to prove that the former repre-

sents the limestone of Aymestry or Ludlow, the latter that of Wenlock.

Ludlow Rocks.

These rocks appear at three detached points in this coal-field, viz., at Sedgeley and

Turner's Hill, near the eastern boundary of the field, and at the Hayes, near its southern

1 For these reasons therefore it is obvious, that however long known to collectors for the beauty of its organic

remains, the name of Dudley limestone could not be used in stratigraphical classification, and hence I was com-

pelled to adopt the term of Wenlock. (See Introduction and p. 208.)

In no previous work has the difference of geological age and position between the limestones of Sedgeley and

Dudley been pointed out. They were, indeed, simply considered mineral varieties of the same formation, and

Dr. Thomson, in the memoir before referred to, even surmised that they might prove younger than the Old Red
Sandstone, because they seemed to be intimately connected with the coal measures.
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termination. These masses are thrown up from north to south, the strata dipping to

the east and west, the latter inclination being most prevalent.

Of these masses, the principal, or that of Sedgeley, resembles in part the form of an inverted ship,

the prow of which is exposed in a circling line of quarries, midway between Sedgeley and Wolver-

hampton, the stern towards Upper Gornals ; the western side of this promontory is the most in-

structive, and the rocks, rising at a sharp angle, are traceable from opposite Sedgeley Park school to

beyond the Catholic Chapel, a distance of nearly two miles. The higher part or round keel, sepa-

rated from the western side by undulations, rises to the Beacon hill, 650 feet above the sea, whence

to the eastern side the ground sinks gradually, without affording any clear exhibition of the strata.

This promontory, therefore, emerges suddenly, like an island from beneath the surrounding coal

measures, and thus resembles other Silurian rocks to be described.

In the numerous quarries, both along the western flank and at the northern and southern ex-

tremities, as well as near the village, the inclination of the strata varies greatly. At the northern

or lower end, the arrangement of the elevated beds is beautifully symmetrical, and may be strictly

compared to the bow of an inverted boat or ship, the beds plunging N.N.E., N., N.N.W. and W.,

at angles from 65° to 40°. In ascending to the higher grounds, the strata are much contorted,

and the beds dip 25° W.S.W., whilst at the south-western extremity of the range they dip to

the south-west at 25° and 10°, and then again veer round to the north-east. On the southern face,

near the Catholic Chapel, the rock is inclined only 10°, and at Shaver's End is in abrupt con-

tact with the unproductive shale and coal grits of Gornals. The arrangement on the eastern side

is explained at Turl's Hill, a small offset from the main hill of Sedgeley, in which the strata dip to

the west at 15°, being thrown off from the adjacent ridge of Wenlock limestone. This disposition

is explained (PI. 37- f. 4.), and in it we see how the Aymestry limestone is brought to the surface

by undulations.

Of the Upper Ludlow rocks there are only thin exhibitions in the open works, which is what

might be expected, since the limestone alone being the object of the quarriers, it is only extracted

where there is little overlying matter to remove. Enough, however, has been cut through at

various points to show the nature of the rock, particularly on the western side of the hill, where

30 to 40 feet of argillaceous thin-bedded sandstone are exposed, containing the Leptcena lata, the

Serjmloides longissima, and other well-known fossils. From the dip of the Aymestry limestone at

Turl's Hill, where it occupies the cap of a low ridge, there is little doubt that the whole of the higher

part of the Beacon Hill is composed of the Ludlow rock. In these localities the beds lie tolerably

level, as between Turl's Hill and Sedgeley, and probably also near the summit of the Beacon Hill.

There can therefore be no doubt, that the limestone may be reached by excavations of moderate

depth over a very considerable extent, an inference of some practical importance, and which renders

this hill of greater value than its owners may be aware of. (See PI. 37- f. 4.)

Aymestry or Sedgeley Limestone (Limestone of the Ludlow Formation).

In passing downwards, the Upper Ludlow rock, as in Shropshire, contains small cal-

careous concretions. These nodular beds of impure limestone constitute the cap of the

Sedgeley limestone for a thickness of 30 to 40 feet. They are underlaid by the best

limestone, which varies from 15 to 21 feet in thickness, and presents regular beds of the
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same dull indigo grey, argillaceous limestone as that which usually occurs in the centre

of the Ludlow formation of Salop, though it is not quite so crystalline as at Aymestry.

This limestone not only contains the Lingula Lewisii and the Terehratula Wilsoni, fossils

which characterize it over wide spaces, but also that remarkable shell the large Pen-

tamerus Knightii, which is almost peculiar to this zone. The disappearance of this fossil

at many intermediate places
1 where the rock is less calcareous, and its re-appearance at

so distant a point as Sedgeley, where calcareous matter is again abundant, is one of

the best proofs that geological inquiry has established of the re-appearance of large

testacea where lime is present, and their disappearance where it thins out. Now, as we

find the other and smaller testacea, which are the congeners of these Pentameri, at Ay-

mestry, in situations where there is no lime (so invariably, indeed, that throughout a

continuous extent of upwards of 100 miles I have, by their presence alone, been enabled

to mark the position of the limestone), we are led to infer that the animal inhabiting the

thick shell of the Pentamerus, could only exist in those bays of the ancient sea in which

much calcareous matter prevailed.

This limestone of Sedgeley is distinguished from that of Dudley, not only by organic remains and

lithological structure, but also by burning to a dark- coloured lime, (hence the name of black lime-

stone) which is of value for the same economical purposes as the limestone near Ludlow, in making

most durable stucco and mortar, particularly under water ; but if used in agriculture its application

must be limited to the light lands, which it enriches by its argillaceous as well as calcareous in-

gredients.

The limestone of Sedgeley is separated from that of Dudley, by a considerable thickness of shale

(the equivalent of the Lower Ludlow rock), which occupies the eastern and south-eastern slopes of

the Beacon hill, but owing to the rounded forms of the hills the strata are not well exposed, and

their mineral poverty has never led to their being uncovered. The same "mudstone" strata oc-

cupy the rising grounds between the Wenlock limestone of Cinder Hill, and the outcrop of the coal,

which is exposed on their slopes in the Rookery Lane.

"Turner's Hill."—The Ludlow rocks occupy this small oval hill, lying between Lower Gornals

and the Streights. They are surrounded, as at Sedgeley, by thin or slightly productive coal mea-

sures, of which a very narrow band, not exceeding two or three hundred paces in width, separates

them on the west from the Lower New Red Sandstone of the Himley district, whilst to the east and

south they throw off the unproductive carboniferous sandstone of Gornals, in the manner expressed

in the section, PI. 37. f. 2.

The only well-exposed beds are on the western face of the hill, where they consist of impure ar-

gillaceous limestone in small concretions, resembling the refuse beds of Sedgeley, in which the Te-

rehratula Wilsoni, Pleurotomaria, &c. are the prevalent fossils: the overlying beds of flaglike, dirty

yellowish sandstone contain a few casts of common Ludlow fossils.

" The Hayes"—The ridge which rises at the Hayes, two miles west of Stourbridge, and is not

more than 300 paces in length and 1Q0 in width, very clearly belongs to "Ludlow rocks." Ex-

tending from north to south the strata dip from 40° to 50° to the east beneath the adjacent coal

» The intermediate places are the Abberley and Malvern Hills, the valleys of Woolhope, Usk, &c.
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measures, some coal shafts having been sunk within a few yards of the outcrop of the older rock.

The overlying beds, as at Sedgeley, contain the Leptama lata, together with the Cypricardia amyg-

dalina. The limestone quarried from the central portion of the rock differs in no respect from that

of Sedgeley, except that it is less abundant and of inferior quality, being still more argillaceous. It

does not, as far as I could observe, contain the Pentamerus Knightii, but it incloses the well-known

shells of the Aymestry limestone, Terebratula Wilsoiii and Pleurotomaria, with others which are

common to the whole of the Upper Silurian Rocks, such as Productus depressus, Atrypa aflinis, &c.

As the strata are highly inclined, and their southern end is cut through by the high road from

Stourbridge to Hales Owen, a better passage is there shown, from the limestone into the lower beds

of the Ludlow formation, than in any other part of the district. Like the masses already described,

this little boss of Ludlow rocks has been thrust up through the environing coal measures, its southern

end advancing nearly to the edge of the Lower New Red Sandstone.

A transverse section across it from east to west exhibits the appearance represented PJ. 37- f. 5.

Wenlock (Dudley) Limestone. (2nd Formation of the Silurian System.)

This second member of the Silurian System, being of infinitely greater value, has been

much more laid open than the upper formation or Ludlow rocks. It rises to the north

of Dudley in several elliptical masses, trending in parallel directions from 10° west of

north to 10° east of south ; the chief of which are the Wren's Nest, the Castle Hill and

Hurst Hill. The formation occupies a broader surface on the eastern side of the tract

at the town of Wallsall, which is built upon it, and to the east of which some strong

ridges of the limestone run along the edge of the coal-field from north-east to south-

west. Besides these places where it comes to day, with merely an occasional covering

of gravel, the limestone has been discovered by mining beneath the coal-field.

The Wren's Nest. (See ground plan and section, p. 484 j and view, p. 485.)

The chief mass of limestone in the district north of Dudley is at the Wren's Nest,

which we shall first describe, as it exhibits a full type of the formation. The solid lime-

stone, which is quarried, lies in two bands, separated from each other by shale, the up-

permost being 28 ft. 4 in., the lower 42 ft. 3 in. thick.

These bands are divided into beds, distinguished by the workmen under the following

names.

Upper or thin measures. (6. of wood-cut.)

ft. in.

White grey measures (left for roof) 6 0

White grey measures 6 6

Strong hanging stone (darkish colour) 6 4

Top sink 2 7

Pricking, i. e. way-board of shale (blasting layer)... 0 2

Bottom sink 1 2

Half yard measure 1 6

Measure under "half yard" 1 9

Bottom measure 2 4

28 4

Lower or thick measures, (d. of wood-cut.)

ft. in.

Grey measure (left for roof) 8 0

Strong grey measure 4 6

The flints

4

0

Silks measures.. 4 0

Second yard measures 2 2

First yard measure 2 2

Top sinks 1 3

Pricking, i. e. way-board of shale (blasting layer)... 0 4

Bottom sinks 2 4

Black stone ... 13 0

42 3
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Ground plan and transverse section of the Wren's Nest, the latter double the scale of the former.
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These upper and lower limestones (-6 and d) constitute, however,

only part of this formation, the remainder, as at Wenlock, heing

made up of innumerable small concretions of impure argillaceous

limestone, occurring at intervals in a matrix of grey shale like the

flints in chalk. These concretions are, however, in parts so abun-

dant as almost to constitute one entire calcareous mass, and in

districts where lime is scarce they would doubtless be separated

from the shale and burnt. Here, however, they are considered as

refuse. They are called " bavin,'" the shale associated with them

being termed "rotch." Above the upper limestone (b) these impure calcareous beds (a) are about

100 feet thick ; between the limestones they are about 90 (c), and beneath the lower limestone

about 60 (e)
3
so that the entire mass, including the impure beds, exceeds 300 feet. This is exclusive

of the lower part of the formation or Wenlock shale (/), which is more than double this thickness

5

and therefore the whole formation at Dudley may be estimated at 1000 feet or more.

The limestone is lithologically undistinguishable from that of Wenlock, like which it occasionally

runs into large concretions, less argillaceous and more crystalline than the mass. These concretions,

the " ballstone " of the Shropshire workmen, (p. 210.) are here called " crogs," and they present just

the same appearance of interfering with the stratification which has been described near Wenlock.

Organic remains occur at intervals throughout all these beds, but the most beautifully preserved

specimens and the greatest variety, appeared to me to lie on the surface of certain thin flaglike beds

of the upper limestone.

The elliptical shaped mass of the Wren's Nest is, therefore, composed of an exterior

mantle of pure and impure limestone, and a nucleus of inferior shale, in which, as at

Wenlock, all calcareous matter disappears. The former rises around the latter at high

angles of inclination, i. e. at about 60° on the eastern face and 45° on the western. The

purer limestones have been long extracted from the hill itself, as represented by the

hollow spaces in the above section ; and if the impure limestone or " bavin " had been

worth removing, the Wren's Nest itself would long ago have been demolished, leaving

only a central mound of shale to mark its former existence. The ridges of ''bavin"
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(«, c, e,) preserve, however, the original features of the hill, and the work of perforation

and demolition which has taken place within, can only be judged of by ascending to its

summit and looking into the chasms, or still better by traversing the wide and arched

vaults from which the limestone has been extracted. Besides that part of the Wren's

Nest which rises into a hill, and which has thus been gutted of the richest matter

;

its bands of limestone are now worked at a much inferior level, by a tunnel driven

from the lowest adjoining ground across the heart of the hill, in making which, the

same double bands of limestone on either side of a central nucleus of shale, were passed

through as in the upper works 1

. Deep shafts have further been sunk upon the dip of

the rock, from various points along as well as below this tunnel, and the limestone is

brought up and conveyed to the open country by a subterranean canal. The above

section across the Wren's Nest, proves that it is nothing more than an elevated dome,

the calcareous summit of which was truncated during a period of elevation, when the

harder or calcareous strata forming the crest being snapped asunder, the fragments

were removed t)y subsequent denudation. But though an elliptical, elevated mass, the

Wren's Nest is not a complete ellipsoid ; for a small portion of the exterior margin is

broken down, and being deficient in the usual limestone barrier, a natural ingress at one

point is obtained to the interior. This occurs at the western turn of the northern ex-

tremity, where the eastern side, called Mons Hill, instead of uniting with the western,

subsides and feathers off. (See ground plan above.) When viewed from the south, on
the contrary, the east and west sides appear to be confluent in a well-turned arch,

forming the boldest part of the hill or that near to the town of Dudley 2
as represented

in this sketch
3

.

103.

1 My kind friend Mr. Downing of the Priory, to whom I am above all other persons indebted for an ac-

quaintance with the structure of the Dudley district, informed me, that when the tunnel was made, the central

shale was precisely as represented in the section, p, 484, i. e. a nucleus with a quaquaversal dip. Without his

intelligent directions I should have failed in observing some of the most interesting phenomena here recorded.
2 The view of Dudley, prefixed to this chapter, is taken from this spot, the Castle Hill being seen on the left

hand. In the lithograph, the spectator is supposed to be looking to the south ; in the above wood-cut to the
north.

3 This sketch was taken by the Rev. W. Whewell, during a short tour with Professor Sedgwick and myself
to Dudley, Wenlock, and the Wrekin, anno 1832.

3 p



486 THE WREN'S NEST—DUDLEY.

The solid strata of limestone have not, however, been thus raised and incurvated

around a common centre without transverse breaks. In addition to the fissure along

the axis of the ridge, there is a fracture of considerable magnitude at the south-south-

eastern turn of the ellipsoid (see ground plan), and precisely at that point where the

appearance of symmetrical curvature of the mass is preserved. Here, the outer band

of limestone sweeps round in the wide arch, represented in the previous page, the ex-

ternal part of which (towards the south and south-west) is most expanded, owing to

the less inclination of the beds. As these strata approach the south-eastern turn, they

rise rapidly in inclination, and seem, on a first view, to be continuous from that point

along the eastern face. But this appearance is entirely fallacious j for the outer band

is there brought into exact allinement with the inner; i. e. the trench of circumvallation

from which the one limestone has been extracted, seems to be a continuation of the other.

On closer examination the anomaly is explained. The inner or lower limestone having

been subjected to a very high degree of flexure, has been snapped asunder close to the

farm-house of the Wren's Nest (o), where the quarries expose great tortion and fracture.

By this dislocation, the inner limestone is entirely lost, its place being occupied by shale

and bavin. The same stratum, however, on the eastern face, becomes vertical opposite

the great cross fracture, and although at one point coincident with the outer band, it

does not fold round to the west, but continues its strike to the south and by east, in

which direction it has been quarried at a spot called Gabriel's Hole, and has been also

cut through by the tunnel of the Dudley canal.

If the Wren's Nest, judging from its hollow axis, be termed a valley of elevation, its

size and sharply confluent flanks, as well as the materials of which it is composed, have

led to peculiar modifications of form, very different, for example, from those of the

Valley of Woolhope (p. 428.). The central mass of the latter being of wider area and

only slightly curved has not been fractured, and, further, being composed of hard

grit has resisted denudation and still remains a dome. (PI. 36. f. 9.) In the Wren's

Nest, on the contrary, the limestone, which doubtless must once have capped its

centre, has (owing to the sharp convolution to which it was subjected) been snapped

asunder and removed, and thus the soft shale being exposed to denuding influences, a

cup-shaped centre has resulted. In this respect, indeed, the Wren's Nest resembles

the Valley of Wigmore near Ludlow, where the exposure of the same soft shale has led

to a similar, but much deeper denudation. In pursuing the parallel with Woolhope,

the reader will bear in mind, that there, the surrounding trenches are those of nature,

the perishable strata having been denudated and the solid stone forming banks ; whilst

in the Wren's Nest the trenches are the work of man, and have been fashioned out of

the hardest materials in the hill. We shall hereafter consider the probable cause of

the ellipsoidal form of this and the adjacent masses of limestone.
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Castle Hill. (See lithographic view, beginning of the chapter.)

The Castle Hill has much the same form as the Wren's Nest, and differs only in being

narrower, thus exhibiting a less thickness of limestone and less of the lower shale in the

centre. The two bands of limestone in this hill vary slightly in detail from those of

the Wren's Nest. (See PL 37. f. 1.)

Upper or thin measures.
ft. in.

Grey measures (left for roof) 4 0

Grey measures 2 6

Hanging stone, in very thin layers 6 0

Top sink , 1 0

Pricking 0 2 to 3

Bottom sink 1 0

Strong measures ,. 3 10

Thin measures (thin layers) ... 4 6

23 0

Lower or thick measures.

Grey measures

Chinch or spoil, i. e. shale with small calcareous

concretions

Grey measures

The flints

The silks

Second yard measure ,

Flint yard measure

Top sinks

Pricking (shale) .........

Bottom sinks f

Back stone

ft. in.

8 0

10 0

35 7

of which 30 ft. 10 in. are limestone.

The excavations made in former times, in quarrying these two bands of limestone, have given rise

to the wooded dingles and thickets, so ornamental to the ancient castle which crowns the eminence.

Like the Wren's Nest, the southern end is the highest and most perfectly arched,

Hurst Hill.

About one mile beyond the northern end of the Wren's Nest is another parallel and similar el-

lipsoidal mass of limestone called Hurst Hill, the southern end of which is also more arched than

the northern, the latter terminating in an obscure elevation called Cinder Hill, where the limestone

is without a well-defined western margin. Near the southern end the elevation is most symmetri-

cal ; the limestone being thrown up at high angles, passing, on the west, under the Lower Ludlow
Rock and Aymestry Limestone of Turl's Hill, and, on the east, under a portion of the Ludlow
formation

;
overlapped by coal measures at the Coppice Meeting House and Ettingshall. (PI. 37.

f. 4.) At the extreme southern point, the ridge being narrow and the angles of elevation very

great, the beds are completely broken up and irregularly flanked by the coal measures, which
there enter into a small bay in the Silurian rocks. (See Map.) Towards its northern end, Hurst

Hill exhibits one ridge of limestone only, which having been formerly extracted in open works, as at

the Wren's Nest and Castle Hill, is now wrought by shafts close to the edge of the overlying coal-

field, beneath which the calcareous beds dip at angles of 60° to 70°. In Cinder Hill, the limestone

is also worked by shafts, and dipping rapidly to the east and south-east, it passes beneath the Lower
Ludlow rocks, which have been mentioned as occupying the grounds between this spot and the coal-

field. The limestone of Cinder Hill is probably separated from the Ludlow formation of the Beacon
Hill by a line of fault.

3 p 2
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Wallsall.

The Wenlock formation is spread over a much wider space around the town of

Wallsall than in any other part of Staffordshire, occupying a width of about two and a

half miles, from the Hay Head lime works on the east, where it is overlaid by the de-

tritus of the New Red Sandstone, to the great limestone fault on the edge of the coal-

field. Its greatest length is about four miles, from near Bustleholm Mill on the south-

west, to beyond Daw End on the north-east. The strike of this mass is north-east and

south-west, thus differing essentially from the axes of the ridges near Dudley. Judging

from the form of the ground where limestone has been proved, as beneath the town of

Wallsall and at Ball's Hill, the rock has been partly thrown up in domes, though the chief

masses occupy sharp parallel ridges, trending from north-east to south-west 1

, the beds

dipping rapidly to the north-west at angles of 40° to 50°. The most prominent of these

bands are between the town and the edge of the coal-field.

The limestone worked at RushalL, Daw End and Wallsall is about 11 yards thick, and having

been long exhausted at the outcrop, is extracted by shafts, at depths varying from 60 to 100 yards.

The clearest relations of this rock to the overlying coal measures are exposed in the sides of the

abandoned reservoir between Rushall Hall and Daw End, where ironstone beds and thin layers of

poor coal measures, repose at a slight angle of inclination upon the impure limestone and shale

(" bavin and rotch ") of the formation. Similar relations have been proved along the eastern edge

of the coal-field near the Birch Hill collieries, where the limestone has been actually reached be-

neath some of the ironstone measures. By far the greater portion of the Silurian rocks around

Wallsall, particularly in the cold argillaceous tract extending by Delves Green and Botany Bay to

the new Railroad, consists of the lower shale 2
.

The eastern boundary of this Silurian tract contains a narrow band of limestone, traceable for

upwards of a mile, from Ginity Graves to the Hay Head, where it has been long worked in open

quarries, which are still productive, owing to the strata dipping at an angle not exceeding 8°. This

limestone is very argillaceous, its solid strata not exceeding seven feet in thickness, and even these

are divided into seven beds, which are covered by a considerable mass of valueless shale with small

1 The masses of limestone nearest to Wallsall are usually covered by gravel.

2 It is difficult to avoid expressing surprise, that in this part of England persons should be found so utterly

ignorant of the geological succession of the strata, as to sink for coal beneath the Wenlock or Dudley shale.

Recent trial shafts (failures of course) have been made at Delves Green, and exhibit on their sides mounds of

shale, charged with fossils of the Wenlock formation. These mistakes occur simply through inattention to the

organic remains, with which indeed few practical miners are acquainted. Hence the endless follies we now

hear of, such as sinking for coal at Northampton through the inferior oolite, where it is demonstrable, that

the unfortunate speculators can scarcely penetrate even the lias formation. Black, bituminous and pyritous

shales, resembling beds of the coal formation, are quite enough to lead any common miner to believe that he

"smells" the coal, and thus country gentlemen are duped by ignorant men, who often honestly believe what they

prophesy. Whether the strata thus resembling coal measures, be a mile above or below the geological position

of the carboniferous system, has never formed part of the education of these speculators. (See observations,

pp. 328 and 411, note.)
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concretions of impure limestone. It is difficult to determine the exact relations of this band to the

thicker strata of Wallsall, from which it is separated by an argillaceous tract of more than a mile

in width; for whilst, from its dip to the north-west, we might be disposed to consider it an inferior

stratum, the organic remains on the whole are the same as those of the limestone hills of Dudley.

There are also evidences of this mass being bent over in a saddle shape, dipping both to the south-

east and north-west (See PI. 37. f. 3.), while there is reason to think, that a thin course of un-

productive coal measures is interpolated between it and the New Red Sandstone of the Bar Beacon.

In addition to some of the usual and well-known fossils, the band of Hay Head contains a good

many large orthoceratites, and the rare trilobite of the genus [sotelus ? (commonly known in this

part of England as the Bar trilobite, from the hill of the Bar Beacon lying immediately to the east

of the lime works where it is found). The banks of an abandoned canal between Hay Head and

Daw End exhibit a great variety of the smaller shells and corals so characteristic of the Wenlock

shale. (See Plates and Descriptions.)

Silurian Rocks, including Limestone beneath the Coal-field.

Having shown that the upper Silurian rocks, either rising in isolated masses, or

forming the edge of the coal-field, dip in all cases under it, it would naturally be ex-

pected that the limestone would have been sought for beneath the coal. These relations

being surmised, have been partially ascertained in the Wolverhampton district, where

the coal measures being thinner are more easily penetrated.

Mr. J . Barker, for example, informed me that in one of his collieries, sinkings and borings were

carried down 150 yards beneath the "blue flats/' or bottom of the Wolverhampton field; and that

at a depth of eighty yards, the works passed through a sort of limestone clunch, which continued

with occasional small beds of limestone to the end of their operations. I have little doubt that

these works traversed the parts of the Ludlow formation, and that the Wenlock limestone would

have been found beneath. Again, at the Park Field colliery, one and a half mile east of Wolver-

hampton, beds of limestone abounding in shells and corals, were formerly found beneath coal mea-

sures and grit. This rock was evidently the black limestone of Sedgeley, which rises up to the

surface half a mile south of this colliery. (See Map.)

In the centre, however, of the deeper or ten yard coal-field, the lower coals being

seldom penetrated, these rocks had not been reached till very lately, and few or none
of the practical men were of opinion that the same limestone which formed the side of

their field could exist beneath it, when one of those happy accidents occurred, by which
miners are enriched (may we say it) in spite of themselves, and geologists are gratified

in the display of facts, confirmatory of views founded upon a general knowledge of the

structure of the country. Having exhausted the coal in certain works at Dudley Port,

the proprietors, in the hope of finding coal and ironstone, were induced to sink a fresh

trial shaft upon the side of, or rather in, the great fault which bounds upon the S.E., the

trough of coal before described. (See PL 37. f. 1.) At a depth of 208 yards, and about

100 yards beneath the old coal works on the south-east, they came unexpectedly upon
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a mass of limestone which proved to be nearly seven yards thick, of exceedingly fine

crystalline quality, and less argillaceous than most of the limestone of this tract. On
excavating laterally to the south and east, or away from the fault, the limestone was
found to extend more or less horizontally, and hence it became an object of prompt
speculation, both from its convenient position, and from the excellent quality of the
material. When I visited this mine, though the works had only been in progress a few
months, they had already cleared out a subterranean chamber of about 100 yards
square, and about seven yards in height, supported by rude columns of limestone, the
" ties" of the workmen. On descending, I found a large company of miners excavating
and exploding the solid rock in a chamber filled with dust, and into which not one drop
of water percolated ! This appeared the more surprising, since the coal-field which had
previously been worked out above our heads, was saturated with copious streams of water
descending from the adjacent Rowley Hills. This fault, like most others, is from its

compact structure a dam to water, and the shafts being sunk in it were necessarily dry,

while the limestone occupying a horizontal position, and being covered by argillaceous

shale, the bavin of the workmen, we can easily imagine how the interposition of such

impervious materials should close up all access to this excavation ; or in other words,

how the waters of the superjacent coal-field should flow above it, supported by the shale

of the Silurian rocks.

On " stripping " the fault towards the trough, the limestone was found to be in contact with a

seam of coal which was squeezed downwards, and its surface, as well as that of the limestone, pre-

sented the polished slickensides, so frequently observed in similar cases. This coal was supposed by
Mr. Downing (who accompanied me in this examination) to be the fire clay coal of the same age

as that of Stourbridge, one of the lower beds not usually worked in this part of the district. The
portion of the side of this fault which I saw, ranged 15° N. of E., but as the general direction of

the sides of the great Dudley trough is nearly N.E., S.W., this must have been one of those zig-

zag aberrations so often observed along lines of fractures. Near the fault, the limestone dipped

slightly N.N.E., but on being followed on the dip, this inclination even decreased, the beds gradually

assuming a dome-like form, into which they are brought by a succession of very small hitches. At
the last discovered of these downcasts, the limestone was beginning to incline from 12° to 15°, and

as this inclination was too rapid to permit further work upon the dip, it was supposed that a new
shaft would soon become desirable. The limestone extracted for burning is subcrystalline, and

finely laminated, with rarely any wayboards of shale thicker than a flat ruler, and hence forming

two beds only. Both are of gray colours, and are made up of a profusion of encrinites and shells.

The rock, indeed, is so compact, that holing places for the gunpowder are found with difficulty, and

hence the mining operations are attended with some expense 1

. Having ascertained the lateral

extension of this limestone over the area of their property, the successful speculators next bored

1 The quantity of gunpowder used, when I visited the spot, was half cwt. per diem, and as masses of thirty

tons were brought down at a blast, the effect produced was sufficiently sonorous. The dead silence which

followed these explosions was quickly succeeded by the din of voices and the clatter of pickaxes. Ventilation

is effected by means of air heads driven through the fault.
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beneath the present floor, justly conjecturing, that if this was really the same limestone as that at

Dudley, there would be a second or lower band ; and their enterprise was rewarded by discovering, at

a depth of fifty yards, another and thicker calcareous zone, thus completely establishing the identity

between the limestone on the hill sides of the Castle Hill and Wren's Nest, and this underground

mass, distant upwards of a mile from the nearest of these hills.

Whether, therefore, we examine the lower edges and sides of the carboniferous strata

of the Dudley field as they are turned up, or penetrate through those central parts

where they are thickest, they are found to be incumbent upon some member of the

Silurian System. In certain portions of the field, the Ludlow rocks, it is true, emerge

from beneath them; but as we approach the Rowley Hills, the Wenlock limestone would

seem to be the fundamental rock. Reserving all observations upon the great lines of

fault and fracture of the coal-field, until the trap rocks have been described, the history

of these Upper Silurian rocks may be concluded by reminding the reader, that the im-

portant formations, of Carboniferous Limestone and Old Red Sandstone, which usually

accompany and support the coal-fields of Great Britain, are not merely absent, but offer

no traces of their ever having existed in this region ; all the phenomena inducing us to

believe, that the carbonaceous matter was here originally deposited upon the Ludlow

and Wenlock formations, or Upper Silurian rocks,

Symmetrical Joints of the Silurian Rocks in this district.

The Silurian rocks of this tract, whether belonging to the Ludlow or the Wenlock formations,

are invariably divided by symmetrical joints similar to those described in Shropshire and many other

localities, (p. 243 et seq.)

Without swelling the work by details, I may select the Wren's Nest as a point to illustrate my
views. Let the southern corner of that ellipsoid be examined, just where the strata, receding from

the great dislocation near " Gabriel's Hole,'" are inclined at angles varying from 25° to 30°, the

direction of that inclination gradually changing from S. to S.W., without the slightest break of the

strata. There, in an ancient quarry resembling a vaulted crypt (see left hand of vignette, p. 485.),

and within a space of less than 150 paces, the observer will perceive at least three distinct directions

of joints diagonal to the strike, the change occurring wherever there is a perceptible variation in the

strike of the beds. Thus, in

No. 1. The faces forming the salient angles trend from N.N.W. to S.S.E., and from E.N.E. to W.S.W.
No. 2. .

. N. to S. E. to W.
No. 3. . N.N.E. to S.S.W., E.S.E. to N.N.E.

Other and similar changes of direction of the faces of the joints take place all round the Wren's
Nest with every change in the direction of the strike. I did not examine these joints with very

great precision, an operation which I leave to Professor Phillips, or any good geometrician who
will look into the subject, having myself little doubt, that the very various directions of these joints

will all be found to have symmetrical relations to the strike of the strata.



492 FOSSILS.—SILURIAN ROCKS OF THE LICKEY.

Organic Remains.

For a knowledge of the organic remains of these formations, as found in the districts

of Dudley and Wallsall, I refer to the plates and their descriptions ; it being sufficient

here to state, that those found at Sedgeley, Turner's Hill, the Hayes, &c, perfectly coin-

cide with specimens from Ludlow and Aymestry, whilst seven-eighths of the fossils of

Dudley and Wallsall agree with those of Wenlock Edge.

In identifying the fossils of Dudley with those of Wenlock, I am, however, bound to

acknowledge, that in certain classes, particularly Crustacea and Crinoidea, the greatest

number and variety of beautiful remains occur at Dudley. (See Plates.)

It has been shown, in alluding to the Trilolites of the Upper Silurian rocks, that some
of the characteristic species, such as Calymene Blumeribachii and Asaphus caudatus, are

found abundantly, both in the lower part of the Ludlow, and the upper part of the Wen-
lock formations, though on the whole those species are more abundant in the latter.

My belief, till very recently, was that the genus Homalonotus was peculiar to the

Upper Ludlow rock, (see p. 200.) A discovery, however, made while these pages were

passing through the press, modifies this inference. The Homalonotus Knightii has been

found in certain rubbly beds overlying the upper band of limestone, and thus this crus-

tacean must be considered as common to the whole Ludlow formation 1

.

Silurian Rocks of the Lickey Hills. (PI. 37. figs. 7, 8 and 9.)

The Lickey quartz rock acquired a name among geologists by the description of

Dr. Buckland, who fixed upon it as one of the magazines whence the quartz pebbles,

so largely strewed over this part of England and the valley of the Thames, had been
originally derived2

. The precise age of this rock, or its position in the geological series,

has, however, not yet been pointed out, although some approximation to it was made
by the Rev. J. Yates 3

. As the northern end of this ridge of quartz rock (Holly Hill)

is not more than three miles from the southern extremity of the great coal-field, and
as I have now ascertained that it occupies the place of the Caradoc Sandstone, a lower

formation of the Silurian System than is exhibited in any part of the Dudley country,

the description of it follows naturally in this place.

1 One of the specimens of Homalonotus, the property of Mr. Blackwell, detected in these rubbly beds at

Dudley Castle Hill, being of more perfect form and larger dimensions than any I had ever seen, it is now
figured in a separate Plate. (PI. 7 bis.) The local collections I am most indebted to are those of Mr. and
Mrs. Downing, of Mr. Cartwright, and of Mr. Gray. The reputation of Mr. Peyton, of Dudley, as a purveyor

of these beautiful fossils, is widely spread.

2 Geol. Trans., vol. v. p. 506. Old Series. s Geoi, Trans., vol. ii. p. 255.
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It is necessary, first, to understand the physical geography of this small but in-

teresting tract. A narrow quartzose ridge, composed of the oldest rock, extends

from Holly Hill to beyond Kendal End, a distance of about three miles, in a line

striking from 15° W. of N., to 15° E. of S. This ridge, of only a few hundred paces in

width, and not exceeding four to five hundred feet in height, consists in reality of

six or seven elliptically shaped hills, which are traversed by the old and new roads from

Bromsgrove to Birmingham. The former descending from near the summit of the

Bromsgrove Lickey (960 feet above the sea), passes through the lower ridge near its

centre ; the latter, avoiding the high hills of New Red Sandstone, winds round in the low

grounds between their northern flank and the southern termination of the Clent Hills,

and then cuts through the quartzose ridge near its north end, between Rubury Hill and

Snead's Heath. The Bromsgrove Lickey Hills, as laid down in the Ordnance Map,

are the high hills west of this little ridge. They consist in great part of New Red
Sandstone described in a previous chapter ; their summits and sides being covered

with a vast quantity of the pebbles of the disintegrated conglomerate of that formation,

but their northern end, called Lickey Beacon, &c, is a trap rock, being in fact a pro-

longation of the Clent and Abberley Hills. Correctly speaking, therefore, the quartz

ridge should be called the Lower Lickey, though it is not known as such in the country 1

.

Small as it is, the Lower Lickey has all the external characters of an old mountain

chain, being covered with heath, while the Higher Lickey is verdant to the summit,

a distinction which is well explained by the difference in their lithological structure.

This lesser ridge is also flanked on each side by thin patches of coal, which lie in the

longitudinal valleys that separate the quartz rock from the surrounding hills of New
Red Sandstone and trap.

On first examining the tract in 1834, I observed that at two points, on its eastern and south-

eastern flank (Colmers and Kendal End), the quartz rock was overlaid by a limestone and shale,

which contained some corals and shells of the Wenlock formation. At Kendal End, these strata

rise into a small green knoll, which was cut into about twenty-three years ago, and there are still

ample remains upon the surface to indicate the age of this deposit, the strata of which are here

highly inclined on the slopes of the quartz rock. The solid limestone extracted, did not exceed a

yard in thickness, but it was accompanied by small concretions called " hatch cakes." The ex-

istence of another thin band of limestone was ascertained by sinking for coal at the Colmers (coal

moors ?) in the depression to the east of the quartz ridge^ and between it and the New Red Sandstone

of Holly moor. The shreds of coal and shale, which here represent the whole carboniferous series,

were easily penetrated ; and the sinkings were continued through a thin layer of impure limestone

only thirteen inches thick, which, from its appearance and organic remains, I consider to be one

of those calcareous courses which underlie the Wenlock shale, and form the top of the Caradoc

Sandstone. (Woolhope limestone, see PI. 36. fig. 9.) It was from this band of impure limestone

1 These lower hills should certainly have one common term to mark the range of the quartz rock. The south-

ern end, forming part of the demesne of the Honourable R. Clive, M.P., is known as the Cofton Hacket and

Bilberry Hills, to the north of which are Snead's Heath, Rubury Hill, and Holly Hill.
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and the beds beneath it3 that the fucoid-like ramifying bodies were formerly obtained by the

Rev. J. Yates, which are figured, (Geol. Trans., Vol. II. PI. 27.), and I found similar specimens
during my visit. After penetrating this limestone, the coal speculators sunk till they were stopped

by a hard quartzose sandstone and reddish slaty clay, similar to that which rises on the eastern

flanks of the quartz hills.

From these facts I quite convinced myself that the quartz rock of this ridge occupied

the place of the Caradoc Sandstone. The completion of a new road from Bromsgrove

to Birmingham, however, completely established the correctness of this view, by laying

open the northern extremity of Snead's Heath, one of the hills composing the ridge.

Here a reddish, siliceous sandstone, from thirty to forty feet thick, regularly bedded, is

inclined about 15° to the east, which carries it directly beneath the impure limestone

of the Colmers above-mentioned. The upper beds contain many casts of fossils which,

owing to the pulverulent nature of the sandstone (made up of rounded grains of quartz

with scarcely any cementing matrix except a little iron), can seldom be well preserved,

though they are very clearly displayed when fresh quarried. Among them I recognised

several well-known fossils of the Caradoc Sandstone, particularly the Pentamerus ob-

longus ; and Heliopora pyriformis, a coral very abundant in May Hill and other places.

These fossiliferous sandstones having in themselves a half fused appearance, form the

upper portion of the true quartz rock of these hills, into which they graduate insensibly

at Snead's Heath, so that it is impracticable to draw any defined line between the red-

dish fossiliferous sandstone and the quartz rock. The quartz rock itself is stratified

with equal regularity throughout the whole of this little range : in some places plunging

to the W.N.W., as in the great masses laid open near the Rose and Crown, in others

to the E.S.E., which is the prevalent dip ; in a third case it is found thrown over as a

saddle, dipping in the same small hill to both sides of the axis ; in a fourth it is arranged

en dome. A transverse section from the west of Snead's Heath by Colmer's to Holly-

moor farm, has the appearance represented in PL 37. f. 7., whilst a section across the

ridge of the old Birmingham road is shown in PL 37. f. 8.

The beds of the quartz rock vary from a few inches in thickness to four feet ; and they present

all the gradations from the fossiliferous siliceous sandstone above described, to a hard granular

quartz grit, and from that into a pure quartz rock 1
. In general, the colour is greyish-white or yel-

1 Casts of fossils in these beds Were noticed by Mr. Yates, Geol. Trans., vol. ii. The same author, in mi-

nutely describing the composition of this rock, notices the occasional presence of scattered grains of malachite

and of brown hematite. Also, that the common ore of manganese had been collected on the eastern slopes of

the hill. I have myself observed grains of black oxide of manganese diffused through the New Red Sandstone

in contact with the quartz rock.

It is further well worthy of remark, that the sloping surfaces of this little quartz ridge are in parts covered

with a breccia of angular fragments of the rock itself, which seems to have fractured and recemented in place.

It is, therefore, strictly a local phenomenon, though it is to be observed that a " breche en place," has been

observed on the sides of a similar ridge of quartz rock, the Stiper Stones, which breccia I believe to be of higher

antiquity than the adjacent coal measures, of which it seems to form the lower edge or base, p. 285.
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lowish-white, but at Holly Hill, the northern end of the ridge, it is red ; and the separating way-

boards are greenish and red siliceous sandstone with sandy schist.

Wherever the mass has the appearance of quartz rock, the strata are more than usually traversed

by joints at right angles to the planes of true stratification, so that if the beds are inclined 20° to

the east, the prevalent lines of fissure which are parallel to each other, are inclined 70° to the

west. This is seen at the escarpment of Rubury Hill and Snead's Heath ; whilst at that part of

the ridge cut through by the old Birmingham road, the beds dip W.N.W. at angles increasing

from 20° to 40°, and precisely as this dip varies, so do the rectangular joints change their

direction, as expressed in the above sections. To an eye accustomed to rocks of this age, there is

little difficulty in distinguishing the true bedding from joint lines, even in those parts of the ridge

where the sandstone has most changed its ordinary characters ; and if any doubt should exist, the

observer has only to examine the section laid bare by the new road, which, in exhibiting a passage

from the quartz rock into the fossiliferous sandstone, dispels all doubt as to the true laminae of de-

posit. The consequence of these countless lines of joints, at right angles to the planes of stratifica-

tion, is the division of the quartz rock into those small trapezoidal fragments into which the mass

shivers, upon being quarried, and in each of which it is so difficult to obtain a fresh fracture.

In passing from a fossiliferous sandstone into compact, granular and small jointed

quartz rock, the Lower Lickey Hills, therefore, exhibit a perfect parallel to those masses

which I have shown to be altered sandstones on the flanks of the Wrekin. In those

cases we find the altered masses actually plastered upon the sides of rocks of un-

questionable volcanic composition, and hence we have inferred, that the sandstone was

altered by heat, into a state of quartz rock, more or less crystalline. Now we have

almost equally good proof, of a similar metamorphosis in the Lower Lickey Hills ; for

on tracing them to their southern termination, we discover, between Kendal End and
Barnt Green, a small tongue of trap, of reddish-brown, compact felspar, which emerges

directly from beneath them, PI. 37. f. 9. (See Map.) We thus clearly ascertain, that

the quartz rock is situated upon a fissure of volcanic eruption. We further see, that

the strike of this little ridge is parallel to the major axis of the southern portion of the

Dudley coal-field, and also to the direction of the great line of fissure along which
the trap of Rowley was evolved. Again, other parallel lines of trappean eruption occur

in the Clent and High Lickey Hills, equally proceeding from N.N.W. to S.S.E., and
these absolutely flank the quartz ridge, on the N.W. • one of them, the Lickey Beacon,

rising to the surface within half a mile of the quartz rock, and running parallel to it.

Seeing, therefore, that the prevailing direction of all the fissures of trappean eruption

in this tract, as well as of the quartz ridge, is from N.N.W. to S.S.E., or rather on

lines varying from 10° to 20° W. of N. ; and further that trap emerges from beneath

the quartz rock, there can be no doubt that this singular ridge is on a line of volcanic

fissure, through which sufficient heat has been evolved to effect the fusion of the sand-

stone.

These observations lead us naturally to consider the character of the adjacent trap

rocks.
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Trap of the Clent and Lickey Hills.

On referring to the map it will be perceived, that these hills are of much greater ex-

tent than any other masses of similar origin in this region, for they extend from the

north of Hagley on the N.N.W., to the Lickey Beacon on the S.S.E., a distance of

about six miles. They vary in height from 800 to 1007 feet above the sea, and their

outline is very dissimilar from that of the surrounding stratified deposits, their summits
being more or less conical, and their sides steep and indented with combs.

The only rock discoverable, beneath the fine green turf which uniformly covers them,

is precisely similar to that described, (p. 138), and which, piercing the coal measures

of Bewdley Forest, forms the nucleus of the Abberley Hills. It is a felspathic mass,

chiefly composed of brownish-red, compact felspar, occasionally porphyritic, and some-

times passing into a fine concretionary rock. With the solitary exception of the small

boss, to which I have already alluded, at the southern end of the Lower Lickey Hills,

I am not aware that any solid face of this rock has been exposed ; but as it is the only

stone found beneath the surface, the circumstance of its occurrence only in fragments,

by no means invalidates the inference, that these hills are altogether composed of similar

materials, (see p. 138 1

.)

I have previously shown that certain stratified volcanic grits, lying between these hills

and Hales Owen, were formed towards the close of the deposition of the coal measures,

and during the accumulation of the Lower New Red Sandstone, (p. 471.) Although
similar bedded trap may also have issued from the fissures through which the Clent

and Lickey Hills were erupted, it it is clear that the chief masses of these hills were

emitted long posterior to the accumulation of the bedded trap, which, in common with

the coal measures and Lower New Red Sandstone, has been dislocated by the outbursts

of the rocks we are now considering.

Trap rocks of peculiar characters, and generally more or less porphyritic, are asso-

ciated with the lower members of the New Red System pretty generally throughout

Europe, particularly in Germany, where their occurrence is so common as even to mark
the place of the " Rohte-todte-liegende." In England, it is true, that felspathic trap

rocks, passing into porphyry, syenite and greenstone, have been erupted at various and

very ancient epochs ; but the trap of the Clent, Lickey and Abberley Hills, which we
know to be of comparatively recent date, is quite distinct from all other volcanic rocks

of the surrounding region. (See Introductory Chapter on Volcanic Rocks, p. 68, and

pp. 138, 419 et seq.)

1 At some points indeed, road-stone quarries have been opened, but they merely expose a collection of

shivered angular fragments of trap, like the heaps described near the Abberley Hills. Springs rise at very high

levels, as is the case in the Malvern Hills, and in one instance almost at the summit of the ridge, (Lickey

Beacon) . The quartz pebbles derived from the disintegration of the Red Sandstone, and which are heaped up
in prodigious quantities on the declivities but never on the summits of this ridge, will be referred to hereafter.



TRAP ROCKS OF THE DUDLEY COAL-FIELD. 497

104.

View of the Pearl Quarry, Timmin's Hill {Rowley).

Trap Rocks of the Dudley Coal-Field.

The earliest rocks of igneous origin connected with this coal-field, are the bedded

volcanic grits to which I have already alluded in describing the strata, p. 471. The

other class of trap, which is of subsequent date, appears at various detached points

through the coal-fields of Dudley and Wolverhampton. The largest mass in that neigh-

bourhood constitutes the stony hills, extending from Rowley Regis to the southern

suburbs of Dudley, having a length of upwards of two miles and a width of about one

mile.

These hills range from 15° W. of N., to 15° E. of S., as may be well seen on their western

edge, and they are termed in succession, Cawney, Tansley, Warren, Turner, Hailstone, Hawes and

Highnam Hills. On their eastern side Cox's Rough and Timmin's Hill are the most prominent

points, whilst the church of Rowley is built upon the culminating point of the rock near its

southern termination. These hills have long afforded roadstone for the use of the surrounding

country, under the name of " Rowley Rag." It is usually a hard, fine-grained, crystalline

greenstone, in some cases approaching very nearly to basalt, being an intimate admixture of grains

of hornblende with small crystals of felspar and a few grains of quartz. One of the most precipi-

tous faces of the rock is seen at the Hailstone near Rowley, where broad prismatic masses, of a grey

colour, rise on the west sides of the hill, and within a few hundred paces of some old coal-pits, the

intervening slope being strewed with broken blocks of the greenstone. In this rock the felspar is

intimately mixed with the hornblende, but the facets of the crystals of the latter glisten upon fresh

fracture.

A most beautiful example of the slender columnar form is seen at the Pearl Quarry in Timmin's
Hill, as represented in the above wood-cut, where prisms not less than thirty feet in length and of

a few inches only in width, are exposed in a quarry. In Tansley Hill, there are fine examples of

convergence and divergence of similar slender prisms. Some varieties of these rocks, it will be
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observed, are of different texture from most of the trap rocks described in Salop and South Wales.

But besides these basaltic greenstones l
, there are other concretionary and amygdaloidal varieties,

some of which contain good specimens of other simple minerals, white calcareous spar being not

unfrequent.

The relations of the Rowley Rag to the surrounding coal measures, are, as far as can be collected

from any evidence to be depended on, precisely similar to those which have been described in the

Clee Hills and other places. The trappean matter probably issued from a principal channel of

eruption, and in rising, cut off the coal which approaches to the sides of the hills. This is not

clearly seen in any openworks, but is inferred from the following data. On the western side of the

Rowley Hills, the carboniferous sandstone is tilted from the trap at a very acute angle, whilst the

colliers employed in the adjacent pits invariably stated, that the coal became of bad quality, and was

cut off as they worked towards the hills. The contorted, elevated, and broken condition of the

carbonaceous sandstones in Cawney Hill (the southern suburb of Dudley), where they are actu-

ally in contact with the trap, is another good proof of the disturbance created by the intrusion

of this rock 2
. Again, on the eastern sides of the Rowley Hills the coal was formerly worked nearly

to their edges, but on approaching them, the faults became numerous, and the coal was found to be

so deteriorated, that the pits were abandoned. One man of science, Mr. Kier, the able author

of the mineralogy of Staffordshire before alluded to, attempted to work coal close to the northern

edge of these hills, but he was compelled to resign his undertakings after much expense. Mr.

Yates informs us that in one of these works at a considerable distance from the hills, Mr. Kier

pierced a mass of greenstone 35 yards thick, and that the coal associated with it was in the state of

cinder. This basalt was probably so far distinct from that of Rowley as to have proceeded from

an independent source of eruption, for coal was wrought at lower levels and unaffected by basalt

between this shaft and the trappean hills. Mr. Smith is the only person I have met with who had

been under ground in any of the last trial pits of Mr. Kier. The galleries were driven towards the

hill, and he assured me that these works had been conducted to a wall of basalt, near which the

coal was so brittle, hard, and valueless, that the speculation was at once abandoned. Notwith-

standing these trials, which demonstrate that the great mass of the trap rock has issued near the

area where it now appears at the surface, some portions of the volcanic matter may have overflowed

the adjoining coal measures in a mushroom form, and in the manner described at the Clee Hills.

(See pp.125 et seq.) This hypothesis is supported by the circumstance, that the beds of coal re-

cently worked to the south-west of Oldbury, are within a few hundred paces of the trap of

Timmin's Hill without symptoms of derangement. Time only can determine whether the basaltic

matter which extends at that point as an irregular excrescence from the main ridge of trap, be

an overlying mass. If it is so, doubtless the coal might be worked from beneath it, as in the Clee

Hills. In the meantime it is proved, that the Rowley trap has pierced the coal measures subse-

quent to their accumulation, of which we have additional convincing proofs in the state of the coal

measures of Dudley Wood which are nearest to the hills ; for there the coal is not merely broken

1 It was this basaltic greenstone (Rowley Rag), which having been fused into a perfect glass by Mr. Gre-

gory Watt, resumed the stony structure upon slow cooling. These admirable experiments, and others of Sir

James Hall, completely established the belief that basalt is an igneous product.

4 Mr. Cartwright, an eminent surgeon of Dudley, to whose collection I shall afterwards advert, pointed out

to me certain trap amygdaloids which he had discovered beneath one of the streets near Dudley Church.
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up and deteriorated in quality, but its beds are penetrated by lateral wedges of greenstone, which

thin out as they recede from the chief centre of eruption 1
.

The evidences respecting the source of the trap rocks in other parts of the district are, however,

still more convincing ; for other insulated masses of trap appear to the west and south of Dudley,

and all offer proofs of having been forced up through the surrounding coal measures. The smallest

of these masses is the Devil's Elbow, on the edge of the canal below Netherton ; a second occurs

near Russell's Hall; a third at Cowper's Bank; a fourth at the Fiery Holes; and the fifth, and

much the most important, is at Barrow Hill. At the Devil's Elbow, one variety of the rock has a

base of felspar, coloured green by chlorite, and traversed by streaks of calcareous spar; a second is

an amygdaloid, with large kernels of white calcareous spar ; whilst a third, apparently forming part

of a dyke, is a crystalline hornblende rock like that of the Hailstone. This outburst of trappean

matter serves to explain how the lower and unproductive coal strata have been thrown up to the

surface in a dome, on the northern and eastern slopes of which the lower coal measures have

been worked out 2
.

Near the Fiery Holes, a low cliff about 30 feet high, of concretionary trap has been laid open,

and on one side of it is a thin vertical bed of altered rock in contact with that variety of trap which

the French term " basalte en boules," whilst all the adjacent coal measures are exceedingly frac-

tured. Here the prevailing trap is made up of granular felspar with small concretions of quartz,

the mass being tinged green by disseminated chlorite.

Barrow Hill and its dependent rocks is, however, by far the largest and most instructive of these

trappean masses. It is composed partly of a greenstone, which on the decomposition of the horn-

blende weathers to a rusty yellow. Where most homogeneous, this rock has a tendency to a co-

lumnar structure ; but the chief portion of the hill consists of a dull rotten wacke, sometimes

amygdaloidal, with much green earth, and frequently bulging out into large concretions. In the

old quarries, where the harder rock or greenstone has been extracted 3
, the wacke and amygdaloid

being left standing, have weathered into very picturesque forms, resembling, in miniature, those

pyramidal masses which geologists and tourists who have visited the Hebrides may have remarked

on the eastern coasts of Skye 4
. One of these masses is about 50 feet high. They offer in their

structure the most convincing proofs of the posterior intrusion of the trap, for their sides frequently

exhibit fragments of the sandstone and shale twisted up, sometimes altered into hornstone ; and

small layers of the coal itself being broken and bent up in the mass of trap. Veins, occasionally

1 I have to thank Mr. Best of Corngreaves for a knowledge of this fact. At Hyett's collier)'' pits, the shaft

passed through a thin sheet of basalt three feet thick which occupied the place of the heathen coal.

2 By a letter received from Mr. W. Mathews, while this chapter is going through the press, it appears that

recent excavations have much more completely laid open the trap rocks near Netherton than when I examined

the spot. A trap dyke, bearing north-east, runs from the canal, sinking under Netherton Hill before it reaches

the church. The tunnel now in progress exposes this dyke for a width of about 60 yards. It is composed

of amygdaloidal trap and greenstone, with veins and altered rocks on either side, containing chalcedony and

calcareous spar, and on one flank a succession of inclined beds of coal measure, comprising indurated shale,

sandstone, and partings, coarse and fine conglomerate, with coal, shale, grit and coaly matter,

3 Mr. Yates compares this greenstone with that of Salisbury Craigs near Edinburgh, which contains crystals

of augite, and also suggests an analogy between certain basalts of this spot (more or less vitreous) and the

pitchstone of Arran. He further notices a point of trap on Brierley Hill which escaped my observation.
- 4 The Storr near Portree is the finest example. (See Macculloch's Western Islands.)
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containing white crystallized carbonate of lime, quartz, and sulphate of barytes are also frequent.

To a certain distance from the edges of this hill, the coal measures are of bad quality and much

dislocated ; but to the south-east, where no trap appears, there is a large tract of coal, which in

the miner's language is supposed to be " in the sound." This is the tract which has been recently

worked to the west of the great Brockmoor fault.

The intrusive character of the trap of Barrow Hill is further proved, by the irregular form in

which the volcanic matter extends to the north-east by Cooper's Bank, which re- appearing here and

there in hummocks, beyond the high road from Himley to Dudley, renders a considerable tract

profitless. It is also prolonged in a narrow tongue, for nearly half a mile to the north-west, on

the sides of the little brook which flows from Himley Wood, where it may be seen cutting out

and dislocating the coal measures. (See right hand of wood-cut below) . But besides these courses,

which, for the most part, are apparent at the surface, this trap or "green rock" has been pro-

jected subterraneously in a tabular mass, nearly conformable to the coal measures, thus :

The band e represents the greenstone, which having occupied the place of the heathen coal below the great coal, is

seen at different levels, (the effect of faults b, c, d), wedging out to the N.W. The dotted black band, above the green-

stone, indicates the thick coal in a coked or altered state. To the left hand or S.E. of a great line of fault (a), both

the thick coal and the heathen coal lie in regular positions and are wrcaltered, no trap rock having been there intruded amid

the strata.

Here the trap is, for the most part, an amygdaloidal greenstone, containing kernels of white cal-

careous spar. Several shafts having been sunk through it, prove that this lateral spur of greenstone

occupies the place of the " Heathen coal." It is also ascertained to be wedge-shaped, being twelve

yards thick in the shaft nearest to Barrow Hill, and diminishing to two yards in that which is furthest

from it. The effect produced upon the coal measures into which this trap has been injected is most

remarkable. Not only is the" Heathen coal" entirely cut out and replaced by the greenstone, but

the thick coal lying some yards above it, is so altered as to be entirely worthless, being in that

coked condition which the workmen call " black and grizzly," i. e. the bitumen is driven off and the

mass is of a dull black colour, and much fractured
;
burning to a red earth or ash, and giving out

little or no heat.

The shafts are sunk through the greenstone for the extraction of the "white ironstone" which

lies beneath it, (marked by the lower line of dots) and that ore, so far from being deteriorated by

the proximity of the trap, is of superior quality. The trap, however, is not in absolute contact with

the ironstone, being separated from it by three or four yards of measures, including two or three

feet of coal, which, to use the miner's term, is in a " rocky" or indurated state. This tabular

wedge of trap has, therefore, clearly been subjected to fractures subsequent to its insertion amid

the strata, and to these faults I shall allude hereafter 1
.

1 I am indebted to Mr. Timmins, the intelligent manager of these works, for the information concerning the
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Trap of Pouk Hill, Birch Hill.

Though trap is much diffused underground through the northern or Wolverhampton coal-field,

being met with in many of the mining works, it shows itself much less frequently, and never in

such large masses as in the Dudley district. The only large mass of the rock which appears at

the surface is at Pouk Hill, between Wall sail and Wolverhampton, two miles west of the former

place. It is there a basaltic rock, very like that of Rowley (composed of an intimate admixture of

felspar and hornblende). It rises to the crest of the hill in clusters of four-sided columns, spreading

out in a fan-shape and for the most part slightly inclined to the horizon. The lithological characters

of this trap have been described by Mr. Finch, in a short notice in the Philosophical Magazine.

(See vol. xii. p. 167-) There is little doubt that Pouk Hill is the centre of eruption of much of the

trappean matter which to the right and left of it overflows some of the adjacent coal measures, such

as the "blue flats ironstone," and penetrates between those beds and the "gubbing stone." At
Bentley Forge, a mass of this rock has been laid open, associated with twisted coal, smut, and shale

;

and in the old clay works opposite this forge, at the foot of Birch Hill Collieries, I found the trap

in an overlying position, containing fragments of coal and shale.

At Bentley Forge, the columnar greenstone exfoliates at the angles of the prisms, and shows a

tendency to run into spherical concretions, so that it is easy to reduce any of these masses by frac-

ture to a small nucleus. In other places, near Wolverhampton, the trap has the appearance of having

been forced in laterally for some distance, between the coal and iron strata, with which it seems for

short distances to be regularly interstratified, as in the case before cited.

In the tract now under consideration, the true explanation of such phenomena were long ago

pointed out by Mr. Arthur Aikin. As early as the year 1812, that author, being then Secretary of

the Geological Society, gave an excellent account (Geol. Trans., vol. iii. Old Series) of a certain

mass of the "green rock," exposed in the works of the Birch Hill Collieries; showing from its

bulging or irregular form, and its finally wedging out, that it was not a true bed, but simply a dyke,

which by its intrusion had altered the sandstone, shale and coal in contact, particularly on the lower
surface, the bitumen being driven off and the coal reduced to a cinder. After describing the com-
position of the trap with his usual mineralogical acumen, Mr. Aikin remarks, that it is penetrated

by contemporaneous small veins of calcareous spar, nearly vertical, and that the rock, though highly

compact when fresh quarried, is discoloured and falls rapidly to pieces upon exposure. Notwith-
standing these clear evidences, most of the iron masters still consider the green rock a regular bed,

and believe that it always lies above {he blue flats. Mr. J. Barker, however, assures me, that its

course, position, and thickness are all very uncertain, though generally found just below "the
gubbing stone," as mentioned in the section 1, p. 479. At the Chillington Collieries this rock was
met with at a depth of 60 yards, overlying the "blue flats" ironstone, the coal in contact being
much charred and altered. In parts, however, this apparent bed is only 8 yards thick, whilst in

others it expands to 25 and it is therefore proved to be a dyke of lateral injection. To the north
of Pool Hays, certain trial shafts having passed through 40 yards of poor coal measures, a mass of
this greenstone was met with, which was sunk into to a depth of 53 yards without a change of

effects produced by this lateral wedge of trap, and also for the account of the faults by which it has been
affected. The works in question lie to the north of Corbyns Hall, immediately north of the great fault which
ranges from Barrow Hill to the Stand Hills, and are close to the western edge of Barrow Hill,

3 R
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metal. Here it was evident the speculators were sinking upon a point of eruption. This trap of

Pool Hays, judging from the specimens which I collected at the mouth of the old trial shaft, was
in parts a hard, coarse-grained, grey, granular greenstone with much white felspar ; in other parts

an amygdaloid, containing nests of zeolite, coatings of crystallized iron pyrites, &c.

Principal lines of elevation and subsidence.

To give an accurate account of all the faults by which the tract around Dudley and

Wolverhampton has been affected, would almost complete a detailed history of the

coal-field, which is incompatible with the leading objects of this work. I shall, there-

fore, simply point out the chief lines of dislocation, their direction and connection

with the elevated masses of Silurian rocks, and with the points and lines of trappean

eruption. It is, indeed, impossible to describe all the dislocations around the margin

of the field, for as yet we have little information to be relied upon. Enough, however,

is known to prove, that the surrounding and overlying Red Sandstone has been sub-

jected to the same movements as the coal measures, a fact which, being clearly seen in

open work at Sedgeley, is proved in other natural sections round the field, and has

recently been substantiated by the sinkings of the Earl of Dartmouth. This con-

formability of the Lower New Red Sandstone to the coal measures, a fact with which

the older geologists were unacquainted, is of considerable theoretical and practical

importance. The same phenomenon having been pointed out in the Shropshire coal-

fields, pp. 95 et seq., it is probably very general in the central counties, while in the

north of England it has been observed by Professor Sedgwick to be of partial occurrence

only. In Staffordshire, as in Shropshire, indeed, the mere superficial features of the

rocks often warrant such an inference. At the quarries in Sandwell Park, for example,

the strata are highly inclined and much broken, dipping to the north-west, and indi-

cating lines of fracture, which trending from the neighbourhood of the Bar Beacon on

the north-east, to the end of the Rowley Hills on the south-west, are precisely parallel to

those faults near West Bromwich, by which the coal measures have been thrown up

from beneath the red sandstone. (See Map.) That these fractures have been caused

by the rise, or efforts to rise, of various rocks of volcanic origin, no person acquainted

with the subterranean structure of this field can doubt. Lord Dartmouth's works have,

indeed, proved the fact as respects the eastern flank of the field
1

.

The manner in which the coal is cut off at the edge of the field near Wolverhampton

is also specially worthy of notice. The bed there called the "thick coal," together

with the heathen coal, and the underlying ironstone measures (the gubbings and blue

1 Mr. Dawson, whose endeavours have been before alluded to, being anxious to discover the coal measures

extending eastwards beneath the great mass of red sandstone, caused horizontal drifts to be made in that

direction ; and in following the coal till it thinned out, a boss or two of hard, unstratified, granular felspar rock

was cut through, as represented in PI. 37. f. 1.
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flats), instead of dipping under the New Red Sandstone, rise gently as they approach

it
\ nay, further, they taper away and deteriorate in quality, until they are successively

intercepted by the line of fracture which brings them into contact with the red ground.

As the face of this fault sinks to the west or W.N.W. at an angle of 45°, it follows, that

the inferior measures or "blue flats" range 800 yards further to the west than the

uppermost bed of coal. (PI. 29. f. 13. and PI. 37. f. 3.)

Knowing that the Wenlock limestone has been proved at several points beneath the

bottom beds of the Wolverhampton field, and seeing the tendency of that rock to

bulge out in other parts of the tract, and to throw the strata- into troughs, we can
easily suppose, that this anomalous appearance of the coal measures rising against, in-

stead of dipping under the New Red, has been produced, either by an upcast or swell

of the Silurian rocks, or by the elevation of some point of trap rock, similar to that

observed near Sandwell. This inference, indeed, is countenanced by the structure of

the opposite flank of the field near Wallsall, where the Silurian rocks rise to day at

angles of 40° to 50°, and trending from north-east to south-west, constitute what is

termed the '

' great limestone fault " ; which throwing off the coal measures, as represented

(PI. 37. f. 3.), may there be called the natural edge of a basin. Again, as the elliptical-

shaped Silurian masses of Sedgeley, the Wren's Nest, and Dudley rise in steep ridges

and domes, the coal measures on their flanks are naturally cut off, and in several cases

the coal is also bent up on their lower edges at high angles. These sudden expansions

of the inferior rocks, have necessarily produced great flexures in the overlying coal

measures, throwing them into irregular troughs of unequal sizes. It must, however,

be always recollected, that when viewed as a whole, the tract, so far from being a basin,

is merely made up of undulating broken masses, the sides of which are lost on all sides

beneath the New Red Sandstone 1

.

The irregular elevations of the inferior rocks are necessarily accompanied by dislo-

cations, some of which extend for considerable distances through the adjacent coal-field.

The most powerful faults in the richest part of the Dudley field range from north-east

to south-west the direction of its major axis. Two of these, running parallel to each

other, produce a deep and narrow trough of coal of 84 yards in width, the base of which
is 100 yards beneath the thick coal on the south-eastern side, and 80 yards beneath it

on the north-western. The edges of this trough coincide precisely with the direction

of the axis of elevation of the Wallsall limestone, and the result is, that on the chief

upcast side, the same limestone throws up the coal measures, thus proving that the

forces which determined the protrusion of the Wallsall ridges, produced also the sub-

terranean upcast of Dudley Port. The transverse section (PI. 37. f. 1 .) explains the

1 I am the more desirous of directing attention to these general relations of the coal-field, because Dr. Buck-

land in his Bridgewater Treatise has given a section by Mr. Jukes, PI. 65, which though true as respects a

portion of this tract, ought not to lead to the belief, that this coal-field, like ordinary coal basins, is on the

whole supported on its flanks by older rocks. (See my sections, PI. 37. figs. 1 & 3.)
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succession of the principal faults which traverse one of the richest portions of the field,

passing the Dudley Port trough, and crossing from Christchurch on the east hy Dudley

to King's Swinford on the west.

The faults to the west and south-west of Barrow Hill have been already alluded to.

They there traverse a rich tract, which in former times was supposed to be entirely void

of coal, because it was bounded by one of these great dislocations, called the Brock-

moor fault, which, proceeding from the southern end of Barrow Hill in a curvilinear

course, strikes to the south-west.

One of the most interesting faults of this tract proceeds from the north-western

flank of Barrow Hill, trending to the Stand Hills near King's Swinford on the western

edge of the coal-field, in a direction nearly north-east and south-west. This fault is

about 140 yards wide and is an upcast to the south-east of about 90 yards, the sides

being inclined from 80° to 90°, as represented in this wood-cut 1

.

106.

The manner in which the lower edges of the main coal are twisted up against the rise

side was ascertained by actual work, and it is important to remark that the stratum (h)

beneath the productive measures, was a mass of red ground with conglomerate, in which

a horizontal road was driven for 55 yards. The chief point of interest in this dislocation

is, that it ranges precisely in the direction of the chief spur of trap rock which pro-

ceeds from Barrow Hill, while three other minor faults (to which I have alluded as

dislocating a wedge of trap in common with the coal strata), are also parallel to it.

Another fault, contiguous to the great one of Barrow Hill, seems to unite with it near

the Stand Hills, and trending by Shutend furnaces, forms an acute angle with the

Barrow Hill fault. (See Map.)

But although the north-east and south-west direction is the prevalent line of fissure

through a large portion of Staffordshire, extending its influence northwards from Wol-

verhampton and Wallsall to Penkridge and Cannock Chace, and southwards into the

Dudley field, not only as far as Dudley Port, but even into the south-western angle of

the field between King's Swinford and Stourbridge, it is met, as we have seen, by an-

other great line of disturbance in the environs of Dudley, which in the first instance

proceeding from 10° and 15° west of north, to 10° and 15° east of south, (Sedgeley and

1 I owe this section to my friend Mr. W. Matthews of Green Hill, one of the best-informed iron masters of

the district.
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Dudley,) elevates certain detached masses of Silurian rocks. To the south of Dudley,

the same line, bending 5° or 10° more to the east, is still more powerfully marked by
the outburst of the great trappean ridge of the Rowley Hills. An axis of elevation,

proceeding from the southern end of these hills, is further traceable, through the arched

and anticlinal forms of the tufaceous conglomerate and sandstone east of Hales Owen.
(See Map.) It is also on this great and long line of dislocation, or on a fissure precisely

parallel to it, that the Silurian strata of the Lower Lickey have been elevated, the short

interval of about three miles, which separates those rocks from the dislocated coal

measures, near Hales Owen, being concealed by the Lower New Red Sandstone. And,
lastly, the trap of the Clent and Lickey Hills, has also been erupted on the same parallel,

as the axis of the Dudley and Rowley Hills and the Lickey quartz ridge.

Looking, therefore, at the general configuration of this tract, extending from Cannock
Chace to the Lower Lickey Hills, we see that the Silurian rocks which support the coal

measures, have been thrown into divergent directions by two separate lines of elevation
;

and these divergences have, we presume, been determined by the eruptive forces which

evolved the trap rocks, because we find the latter bursting out and dislocating the strata

on both these lines. We might naturally expect, that the points of meeting of these

divergent lines should be marked by peculiar phenomena, and such is the case ; for the

singular domes or ellipsoids of elevation in the Silurian rocks north of Dudley, where

the strata have undergone every degree of curvature and fracture, are situated exactly

where the lines of eruption cross each other. Here, it is presumed, the heat and

gaseous accompaniments of volcanic operations, unable to escape, have been the chief

cause of these inflated forms, as well as of those of similar shaped and altered ridges of

Caradoc sandstone near the Lickey Hills.

But besides the great lines of dismemberment which have determined the outline of

the carboniferous tract, and have partially thrown up the Silurian rocks once subjacent

to it, there are many considerable transverse fractures, or, as they are called, east and

west faults. Some of these have already been alluded to, both north of Wolverhampton

and between Dudley Port and Wednesbury. The '•' Lanesfield fault,'
5 one of great mag-

nitude, proceeds from near the northern termination of the Sedgeley Hills, almost to

Wednesbury, a distance of about three miles. This fault, it will be perceived, ranges

precisely from the point where the north-east and south-west line of elevation is met
by that which strikes to the east of south, and is, therefore, just such a cross fracture

as might naturally take place, during the heaving up of solid masses into divergent

directions.

That transverse cracks would follow from elevations of tracts ''en masse" has recently

been sustained upon mathematical and mechanical principles by Mr. Hopkins 1

; and

1 Trans. Cambr. Phil. Soc, vol. vi. p. 1. The memoirs of Mr. Hopkins are full of profound mathematical

and mechanical knowledge, and may eventually lead to an explanation of some of the most recondite principles

of geology.
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the cross fractures in this coal-field seem to afford a good illustration of a portion of

the ingenious reasoning of that gentleman ; for whilst the Lanesfield and Birch Hill

faults are nearly at right angles to the north-east and south-west strike of the strata

which they traverse, so are the Pouk Hill and other faults transverse to the other axis,

which in the southern district trends from Dudley on the N.N.W. to the Lickey quartz

rock on the S.S.E. In fact, these cross fractures are varied exhibitions of the same

phenomena, which in previous chapters were described as having produced the trans-

verse valleys of dislocation.

One of the most important of the faults cuts off the 10 yard coal-field to the south

of Corngreaves, and brings it abruptly into contact with the Lower New Red Sandstone.

This, which may be called the " Corngreaves fault," is undeniably more worthy of

attention than any other east and west fracture ; for the 1 0 yard coal has recently been

proved to range up to it in undiminished thickness and of excellent quality. Hence,

there is every reason to believe that the productive coal-field will be hereafter worked

beneath that portion of the tract, marked Lower New Red Sandstone in the map, which

extends from Hales Owen to Old Swinford. (Lord Lyttelton's country 1

.)

All the great transverse faults of this field with which I am acquainted, must have

been produced after the insertion of the trap rocks amid the carboniferous strata. This

is proved, by finding certain masses of greenstone, which have been shifted up and

down with the coal and iron beds; so that the ends of any one of these masses, instead

of being continuous with other portions of trap, abut abruptly against coal measures,

and when thus lost, are found again at a different level but having the same relative

position in the strata. This has been already shown on the western side of Barrow

Hill, where a wedge of greenstone having been inserted amid the coal measures and

having entirely charred the coal, the whole mass has been subsequently broken up by
transverse faults as in the diagram, p. 500.

Another clear example of this phenomenon occurs on the eastern slope of the Birch

Hill Collieries, whence a double line of fissure proceeds in a somewhat zig-zag line by

Bentley Lodge to Pool Hays. On the outside of the most southern of these fissures

" the blue flats" or bottom beds of the field are thrown up to near the surface, without

any cover of trap; whilst to the north of it, the same bed of ironstone has been worked

at the depth of 180 yards, the shafts passing through a mass of greenstone immediately

above the bottom coal. The measures there occupy a trough of upwards of 100 yards in

width, and lie in nearly a horizontal position, when they are met by the second line of

fissure, and the whole of these are upcast from 40 to 50 yards, the mass of greenstone

being shifted into the same relative place between the 4 foot and the bottom coal which

it occupies in the lower trough.

1 I shall most sincerely rejoice if this anticipation is realized, and that the family of the late Lord Lyttelton

should benefit by the hint of one, who cherishes a grateful recollection of the pleasant days spent at Hagley

Park, in the company of that highly accomplished nobleman.
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Mineral springs occur in the southern part of this coal-field. The most noted is a

collection of small wells which rise upon Pensnet Chace, and are known by the name
of Ladywood Spa or Cradley Salt Well 1

. In noticing this and two other saline springs,

the one at Brierley Hill, the other on Cradley Heath (Rowley) , Mr. Yates has well ob-

served, that they are situated nearly on a line, running east and west across the coal-field,

and coinciding with the position of a fault which extends to the south end of the Rowley

Hills. I have, therefore, little doubt that these springs owe their origin to disturbances,

which in dislocating this tract have altered the strata, from which the mineral waters

rise to the surface through transverse cracks or fissures. (See pp. 155, 252, and 334.)

In reviewing the relations of the Dudley coal-field to the rocks of volcanic origin, it

must be remembered that the district contains two classes of trap •—the one regularly

interstratified and contemporaneous with the coal measures, the other injected into the

strata posterior to their consolidation. The former is represented by the trap-tuf, and

volcanic conglomerates of Haydon Hills, Corngreaves, and Hales Owen ; the latter by
the basalt, greenstone, and amygdaloid of the Rowley, Barrow, and Pouk Hills, &c.

Other phenomena teach us, that this coal-field has been subjected to violent dislocations,

some of which have clearly taken place since the last irruptions of volcanic matter ; for

it has been plainly shown, that the injected masses of trap have been broken off and

heaved up and down, in connection with the beds of coal with which they had previ-

ously been solidified.

Thus, while the dismembered condition of this tract explains, how the sedimentary

deposits must have been dislocated, before the volcanic products could have risen to the

surface, or spread through the strata in wedge-formed masses, we also learn that the

region was long after the theatre of violent earthquakes (the usual followers as well as

precursors of volcanic action) , which have doubtless caused the great faults or fractures.

Let it be always recollected, that such fractures have a direct practical bearing upon
the development of the mineral wealth of England ; for as it has been shown, that the

carboniferous strata of Shropshire, Staffordshire, and Worcestershire are very similar,

and as we know that such strata, so far from being lost at the old boundaries of the

coal-fields, are in general merely cut off by faults, and are continued beneath the New
Red Sandstone, it is highly probable, that coal measures may exist in intermediate

tracts, now covered by that System. At all events we know, that where volcanic

action has been rife, the carboniferous strata have been forced upwards through a crust

of red sandstone ; and hence we infer, that in those tracts where upheaving forces

have not acted, and the red sandstone lies in undisturbed troughs, it may cover coal-

fields capable of being advantageously wrought. But it must be remembered, that as

some of the coal-fields thus exposed are profitable and some valueless, all attempts to

1 Mr. Cooper's analysis of the Ladywood Spa gives in a wine pint, carbonic acid 2*1, azote '4 cubic inches :

muriate of soda 49*75, muriate of lime 19'07, muriate of magnesia 7'50, muriate of iron 0-13, carbonate of

lime 1-50, carbonate of magnesia 1*70, carbonate of iron -90.
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find good coal seams beneath the New Red Sandstone, must, to a certain extent, be
speculative, though there may be little doubt of the extension of carboniferous strata.

The Dudley, the Titterstone Clee and the Coal Brook Dale fields are examples of pro-

ductive ; the Brown Clee, Kinlet, Shatterford and Abberley of unproductive measures.

Reverting, however, to the more cheering prospect of the two, and believing that

beneath the tracts of New Red Sandstone surrounding the coal-fields, there may exist a

due proportion of thick and valuable, as well as of thin and profitless coal seams, let me
advise the proprietors of such tracts, before they embark in mining, to ascertain the

exact geological position of the red land on which they live. If it should belong to

the upper or even to the middle portion of the New Red Sandstone, they would do

well to desist. If, on the contrary, it should belong to the Lower New Red ; and above

all, if the spot be not very distant from the edge or boundary of a good coal-field, then

let the trial be fearlessly made. But the speculator must bear in mind, that coal, like

every other mineral substance, is distributed in layers of variable thickness, and may
therefore rapidly attenuate as well as suddenly expand within a very limited area. A
remarkable example of this phenomenon has been exposed by the works at West
Bromwich. This enterprise has, indeed, completely confirmed the geologist's view, by

showing the existence of a carbonaceous formation beneath the New Red Sandstone

;

but, we must fairly acknowledge, that as an experiment to prove the existence of a good

commercial coal-field, extending towards the town of Birmingham, it has for the present

failed. In the meantime, the shafts of Lord Dartmouth, being nearly one mile distant

from what was anciently supposed to be the edge of the coal-field, where the 10 yard

coal is cut off by a fault, there is every rational ground for believing that the work,

when followed to the west or towards the known coal-field, will amply repay the outlay

of this spirited enterprise. (See PI. 37. f. 1.)

In conclusion, it may be observed, that as no thick stratum ever had an abrupt ter-

mination (like that exhibited on the sides of the boundary faults), so it is demonstrable,

that whenever the coal is thus " lost," in contact with rocks of younger age than itself,

it is lost only for a short distance, and is always to be regained at a lower level by pe-

netrating the younger deposit.

The application of this principle to certain tracts on the northern and eastern sides

of the coal-fields of Coal Brook Dale, and generally around the Staffordshire and Wor-

cestershire coal-fields, must be obvious to all, who have perused the preceding pages.

I press the consideration of the extension of coal measures beneath the New Red

Sandstone of the central counties, because, though absolutely essential to a correct cal-

culation of the probable duration of British coal, it has been entirely omitted in our na-

tional estimates
1

. Hence political economists maybe led to appreciate the value of

geological inquiry.

1 See Report on the state of the Coal trade, ordered by the House of Commons to be printed, 13 July, 1830,



CHAPTER XXXVII.

SUPERFICIAL DETRITUS.

Introduction.—Division of the subject of superficial detritus.—Drifts comprised

within the hydrographical region of Siluria.—Ancient or submarine condition

of this region.—All its ancient drift shown to be of local origin, and

caused by local agency of tides and currents, influenced by elevations of the

bottom of the sea.—Such drifted matterfound on slopes descending from ele-

vated ranges, occupying both lofty and low positions.—Enormous extent of

ancient denudation in the transverse valleys now watered by the tributaries of

the Severn.—Distinctions between marine drift and fluviatile accumulations.

—Recapitulation.

Local Drifts within the region of Siluria.

The description of all the rocks of aqueous or igneous origin, and the account of their

various dislocations being completed, I shall terminate the history of the physical

geology of the region, by pointing out the nature of the various loose materials which

encumber the surface of extensive tracts, but which could not be intelligibly treated of,

without a previous explanation of the nature of the rocks from which they were derived,

and of the operations which led to their distribution.

This subject is naturally divisible into two classes. The first includes all those coarse

and sometimes far transported fragments, to which some geologists apply the word
" diluvium," but which to avoid misconstruction I designate drift

1

.

1 " Diluvium," as used byElie de Beaumont and the modern foreign geologists, means precisely what I term

" drift." In England, however, where the results of distinct physical operations or various mutations of the

relative levels of sea and land, were formerly merged under one head, and in some instances forced into accord-

ance with the effects of the deluge which destroyed the human race, most geologists have abandoned the use of

a word which has been so misapplied. He who connects diluvium with the Deluge of Holy Writ must contend,

that all such detritus was produced in one short period. But geologists having now completely ascertained,

that each region of the earth has its own superficial diluvia, produced by distinct and separate action, the

unambiguous word drift is proposed, which when preceded by the name of the tract whence the materials were

derived, expresses at once the intended meaning. Hence, "Silurian drift," "Cumbrian," (or as respects

England) "Northern drift," "Scandinavian drift," &c. &c.

3 s
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Of this drift, the region contained in the map presents three distinct varieties, two

of which may be termed local, the third foreign or transported from a distance. The

drift of the high lands of Siluria is of the earliest date, and was produced by the ele-

vation of the older rocks. The next in age arose from the upcasts of the various coal-

fields, and the third or most modern drift is that, which covers large portions of the

central counties and contains bowlders of northern granite. All this detritus was accu-

mulated beneath the sea during successive epochs.

The local drifts will be first described, and the most recent or northern drift will

chiefly occupy the next chapter. It will, however, then be shown, that the far trans-

ported detritus, though generally overlying, is sometimes mixed up with, and not easily

separable from, the local debris.

f
The second class of alluvia includes all the deposits formed in lakes and river courses,

since the final elevation of the districts from beneath the sea ; also the masses of tra-

vestine formed by calcareous springs, and the various results of atmospheric action.

These phenomena will be described in two other chapters, after the submarine drifts

have been disposed of
;
though for the sake of illustration, some examples of the two

classes will be occasionally considered together.

Local Drift within the region of Siluria.

All the loose detritus which covers the surface of large tracts in South Salop, the

north-west of Worcestershire, the whole of Herefordshire, and the adjoining Welsh

counties, may be called local ; because it has been derived, either from mountains

forming the north-western limits of the country, or from the disintegration of rocks,

occupying the very districts where the materials are found.

This region, therefore, being free from all distantly transported detritus, presents a

class of phenomena distinct from that which is exhibited in those parts of the kingdom,

where the surface is covered by accumulations of materials derived from remote

countries.

Now, as the drifted matter is of local origin, so we conclude that the action of the

bodies of water which produced it, must also have been local, and totally unconnected

with any vast or general deluge, even confining the application of the word " general'
5

to a small portion of Europe.

Another important inference derived from the phenomena connected with this drift,

is, that the high combs, as well as valleys in which it abounds, must have been per-

manently under water ; for it is plain, that they could have been modelled into their

actual forms only, by the action of a large body of water overspreading their entire

area ; and this mass of water could not have existed unless the valleys were then beneath
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the level of the sea. The nature of the excavation indicates also the action of water dif-

ferently propelled at different times, perhaps by tidal currents, the directions of which

were determined by local causes, as the deposition of banks of sand or partial elevations

of the bottom of the sea.

The tract thus exempted from foreign drift, is, in great measure, circumscribed by the

course of the Severn 1

. This most magnificent of the British rivers, rising in the moun-

tain of Plinlimmon, escapes from Wales into the plains of Shrewsbury by a northern

course, and traversing a ridge of Silurian Rocks and coal measures at Coal Brook

Dale, is deflected southwards to the sea, passing within a few miles of the Abberley

and Malvern Hills, the eastern limit of the tract under review. The drainage of the

country bounded by the Severn, is effected by a number of its tributaries, which

springing from the mountains of Shropshire, Radnorshire, and Brecknockshire, de-

scend into the lower districts of England by south-easterly courses, at right angles to

the direction of the chains which they intersect. It has been shown, indeed, that these

streams traverse the mountain ridges in channels produced by cross fractures of the

strata. The three principal rivers are the Teme, with its chief feeders the Onny and

the Clun ; the Wye, with its tributaries the Lug, the Ithon, and the Irvon j and the

Usk. All these streams flow from north-west to south-east, through ridges of Silurian

rocks and Old Red Sandstone, and empty themselves into the Severn.

The Towy or great Caermarthenshire river, also the Taaf and the Cleddau streams

to the west of it, run southwards and south-westwards into the Bristol Channel through

lateral depressions in the Silurian and other rocks of South Wales ; and though flowing

in divergent directions from the Teme, the Wye and the Usk, they conform to the same

rule and have been regulated by the same cause. In short they all pass through fissures,

transverse to the direction of the strata ; for it has been shown, that in Caermarthenshire

and Pembrokeshire, an east and west strike being predominant, the great transverse

breaks or lines of drainage trend from north to south, (p. 406.)

Within the area watered by these streams, not only the valleys but various elevated

combs, and basin-shaped cavities as well as the slopes and escarpments of hills, are

1 In the annexed geological map no attempt has been made to distinguish by any peculiar colour the fine

alluvium from the coarse drift, it having been found impossible so to do without conveying erroneous impres-

sions. It was, in fact, impracticable to mark every spot in which gravel has been lodged so as to distinguish

marine drift from fluviatile and lacustrine gravel. The region covered by Welsh and local detritus only is, how-

ever, pretty nearly defined on the map, by the outline of the Cambrian, Silurian, and Old Red Systems. On the

other hand, the country coloured as New Red Sandstone, though also partially occupied by local detritus, is

that over which the northern drift has been spread. If the reader will convey his eye over the whole of the

region coloured in the map as New Red Sandstone and Lias,, and also over those coal-fields which are sur-

rounded by New Red Sandstone, he at once sees the region which has been the recipient of the northern

or foreign drift. On the contrary all the country to the west of the New Red Sandstone is exclusively covered

by local drift. The river courses mark the chief channels in which ancient deposits of lakes and rivers have

been accumulated.

3 s 2
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strewed sometimes with bowlders, coarse gravel and clay* at others with finely com-

minuted materials, the whole, however, being invariably of local origin. Much of

the coarse detritus is lodged upon the western limits of the Old Red Sandstone, and

is found always in situations where the bowlders may be traced, within the space of

a few miles, to their parent rocks. Thus, for example, in the neighbourhood of

Kington, the large blocks of syenite, hypersthene rock, or other varieties of trap, and

of Cambrian, or Silurian Rocks which are strewed over the surface, have been rolled

off from the adjoining hills of Old Radnor, a tract which has been shown to have

been formerly much subject to volcanic action, (PI. 33. f. 4.) whilst in the finer

gravel are found many of the well-known fossils of those associated Silurian rocks,

which here dip under the Old Red Sandstone. Wherever there have been violent

elevations of the strata, we invariably find these accumulations thickly spread out,

obscuring the junctions of the various deposits. Striking examples occur, along the

outline of the Silurian rocks, from the Ludlow promontory and the gorge of the Onny

to the environs of Kington. To the south-west of Kington the lower beds of the

Old Red Sandstone, resting upon the slopes of the Ludlow rocks, have been the sub-

aqueous water-shed, down which the coarse detritus has been swept, and thenceforward

to the south-western termination of these groups, their junctions being free from such

detritus, are clearly defined. In the neighbourhood of the Hay and facing one of the

chief transverse gorges of the Wye, mounds of coarse rubbish are piled up against the

escarpment of the cornstone or middle group of the Old Red Sandstone. On the rising

grounds between Hay and the Sarnesfield Hills, the surface of the lower beds of the Old

Red Sandstone is loaded with this coarse drift, which renders whole parishes arid, as

indicated by the appellations of "Rough Moors," "Labour in Vain," &c. This de-

tritus may strictly be termed local, either being made up entirely of fragments of the

lower beds of the Old Red Sandstone itself, or derived from the adjacent Silurian rocks,

whose frontier is distant only five or six miles. So local, indeed, is this detritus, that

it has not even travelled down the slope of these hills into the rich contiguous valley of

Weobly, still less has it been carried to the escarpment of the cornstone of the Old

Red Sandstone, though these situations lie exactly in the line of the drift. In passing

to the south-east, in proportion as you recede from this frontier of Silurian rocks the

coarse bowlders disappear, and the gravel becomes more and more finely comminuted.

At Luston, near Leominster, and two miles from the boundary of the Silurian rocks,

the following section may be observed in one of the gravel pits.

1. Red stiff loam. 2. Fine reddish sand. 3. Sand and pebbles of Silurian rocks, quartz, trap, &c. irregularly bedded.

4. Fine red sand. 5. Strong coarse gravel made up chiefly of fragments of Wenlock and Ludlow rocks, with many of their

included fossils. 6. Fine white sand. 7. Fine red sand. 8. Fine sand with.small pebbles. 9. Coarse red sand. 10. Sand

with bowlders of Silurian rock, some as large as eighteen inches by four, so little rolled as to preserve the sharpness of their

edges.

This section, with many others along the escarpment of the cornstone formation,
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indicates a method of accumulation precisely analogous to that in which gravel, sand,

and bowlders are now heaped together on sea shores or in estuaries ; while the change

in the nature of the drifted materials proves that the currents which propelled them,

flowed from the north-west.

Advancing from the Welsh frontier and passing to the south-east, even the fine gravel

of the Welsh and Silurian Rocks disappears, and before we reach the central and eastern

parts of Herefordshire, the surface of the rich red marls is, for the most part, free from

all transported matter.

This arrangement of the coarse gravel on the north-west, and fine towards the south-

east, demonstrates, that the drifts which affected the surface of the great trough of

Herefordshire proceeded from the former direction. When we attentively examine

these heaps of gravel, we find, however, that the more finely comminuted varieties,

alternate so often with sand, and are so different in composition, that we cannot but

attribute their deposit to long-continued periods of subaqueous accumulation, and not

to any sudden transitory rush of waters. The plain between Leominster and Aymestry,

being so near an important elevated mass, the Ludlow promontory, is, as we might

suppose, much encumbered with this detritus, and similar heaps are lodged at various

heights upon the edges of the cornstone escarpment in the neighbourhoods of Tenbury

and Leominster. These accumulations are by no means confined to the vale, like the

example cited at Luston, but are equally spread out in high situations, where no

streams can have flowed since the present configuration of the land, and also on the

sides of low, broad, valleys, through which the principal rivers pass from the north-

west to south-east.

In ascending any one of the transverse valleys, beyond the limits of the Old Red Sand-

stone, the distribution of the coarse and fine detritus also shows a similar transport from

north-west to south-east. That this has invariably been the direction of the currents

throughout the country under review is proved, by never detecting fragments of the

rocks which lie to the south-east in any part of the north-western region, all the broken

and drifted materials being lodged to the south-east of each particular ridge, and never

to the north-west.

Let us first look to the valley of the Teme. This river has its source in the high

lands of Kerry Hill, west of Knighton, to which place it glides down through the soft

sandstone and flag of the Ludlow rocks. In all that high region, there is not a bowlder,

which cannot be referred to some rock upon the west and in the immediate vicinity.

Whatever is the composition of the small shingle or modern alluvia carried down by

this stream, such are the alluvia of ancient date, though the latter are coarser and placed

at higher levels on the mountain sides. Let the reader specially dwell upon this im-

portant fact.

Again, the Onny, a tributary of the Teme, presents similar phenomena, accompanied

by still stronger proofs of the agency of a body ofwater no longer in action. This sluggish
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river, which descends at an angle not greater than that of the Thames above Oxford,

wanders for the first few miles after it quits the hills, in a plain of deep, coarse gravel,

filled with large bowlders of every variety of trap, derived from the adjacent hills of

Cornden and Lindley, and of quartz rocks from the Stiper Stones. This coarse gravel

is not merely strewed in the direction of the Onny, but extends also from the depres-

sion in which is situated Bishop's Castle, into an upland comb called Prolimoor, filling

the cavity between the mountains, above-mentioned, and the Longmynd. All this

coarse detritus, however, can be traced up to the north-west, and is therefore one of

the proofs alluded to, of the former agency of water ; and hence we may infer, that

it was distributed upon the sides of that elevated region, which has been shown to have

been peculiarly agitated by volcanic action. Examining the valley of the Onny in the

vicinity of Wistantow, a few miles further to the south-east, we find the same materials,

but in less quantity and much more finely broken. There, however, the mixture

contains in addition fragments of the adjoining mountains of the Longmynd and Caer

Caradoc. Arrived in the plain north-east of Ludlow, where the Onny and the Teme

unite, and having traversed the ridges of Wenlock limestone and Ludlow rock, we

find the accumulations which are so thickly spread over the plain, still further enriched

by fragments of these fossiliferous strata. Rounded fragments of all the varieties of

trap and Lower Silurian Rocks, including much quartz rock, "are mixed up with

fragments of the Upper Silurian Rocks of Wenlock edge and of the Mocktree Forest.

Beyond Ludlow and still further to the east, the same materials have been carried

only a few miles towards Tenbury, some fragments of the basalt of the Clee Hills being

added as soon as the line of drainage has passed that mountain. Further eastward this

gravel gradually becomes finer, and below Tenbury we lose all traces of it, the whole

of the broken materials thence to the Abberley Hills, having been exclusively derived

from the spoil of the adjoining rocks of the coal measures or Old Red Sandstone 1

.

The manner in which it is supposed, that some of the low alluvial terraces in the

valley of the Teme have been formed, will be explained hereafter.

In describing the matter which has been transported in the same direction as the Teme,

it is not to be understood that the mere valley or bed of the river is implied. I allude

on the contrary to those heaps of coarse sand, gravel, and clay, which are occasionally

spread over hills as well as plains, and which, in some of the hills above Tenbury, are

lodged at heights of several hundred feet above the river. These materials are in some

parts so arranged, as to convey, like those at Luston, an impression that they were

accumulated throughout long periods. The largest bowlders are usually on the surface

on the higher grounds south-east of Tenbury. On some of the hills, about one mile

and a half south-east of that town, are heaps of this gravel charged with some of the

1 Townsend, in his Vindication of Moses as an historian, gives similar instances of local drift in the valleys of

the Frome and the Avon. Where these streams are separate, the drift belongs to the peculiar region through

which the rivers flow ; but after the junction of the two streams, the drift is of a mixed character.
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above varieties of rock, and also with a number of fragments of coal measure grits,

mountain limestone, and basalt. As all these materials occur in situ in the Clee Hills,

distant only a few miles north-west from the spot, we have in this case additional evidence,

that all the ancient submarine currents of this district followed the same direction.

Let us now follow the Wye from its source into the plain of Hereford, and we shall

there find precisely the same phenomena as in the valley of the Teme,—the transported

matter changing its contents with every successive zone of rock. In the upper or

north-western region of the river, about Rhayder, the fragments have been entirely de-

rived from the slates and quartzose conglomerates of the Cambrian System. Similar

materials with broken schists of the district are spread over the arid tract between

Dolfan and the Builth Hills, but having passed the volcanic chain of Builth, we meet

with vast numbers of large porphyritic and greenstone bowlders, altered quartzose

strata, &c. piled up in the hollows or upon the slopes of the outer zone of Silurian rocks.

These coarse fragments, are one and all referrible to the group of rocks lying to the

north-west, and which mantle round the volcanized region extending from Builth to

Llandrindod and Llandegley ; and they are often lodged at heights of many hundred

feet above the bed of the Wye. They are not arranged in terraces, as if produced by

any possible fluviatile action, but are piled up in confused and irregular heaps in the

mountain combs.

The reader should be here again reminded, that this coarse drift is by no means con-

fined to the sides of the transverse chasms through which the Teme, the Wye, and other

streams escape into the low country, although such fissures appear to have afforded the

detritus a ready egress, it being usually propelled further to the south-east in the pro-

longation of these openings than elsewhere. On the contrary, this coarse drift is

strewed at intervals over the sloping dry combs and high grounds • particularly where
they lie to the south-east of any tract which has been the theatre of volcanic eruption

or violent elevation of the strata. For example; large bowlders of trap and hard
quartzose rocks occur on various hills east of Llandrindod and Builth, (PI. 33. f. 7.)

and the same may be seen on the south-eastern slopes of the Hergest ridge, near Kington,

or south-eastern talus descending from the volcanic group of Old Radnor. (PI. 33. f. 4.)

The vast accumulation of coarse detritus, already alluded to, as impoverishing a wide
tract between Kington and the Hay, was also drifted from the same centre of action.

In descending the gorge of the Wye to the south-east, we find the materials of all

the rocks derived- from the volcanic district of Builth, rapidly diminishing in size, and
lodged in great mounds against the escarpments of the Old Red Sandstone. As we
advance to the south-east, these materials become smaller, and at length in the environs

of Hereford they appear only as fine gravel and silt. Again from Hereford to the mouth
of the Wye, the bowlders change with the lithological characters of the districts tra-

versed, and are referrible to the grits and conglomerates of the coal measures and Old
Red Sandstone.
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In the central parts of Herefordshire, the effects of powerful denudation are also ap-

parent, though few or no remains of the abraded strata are exhibited. Such action is

clearly displayed in the form of the two Pyons. These conical hills, seen at great

distances throughout the county, consist in their lower part of the argillaceous marls

of the Old Red Sandstone. The soft materials of which these strata are composed,

and by the former extension of which, these two conical hills were once doubtlessly

connected, have been entirely swept away, and the present form of the hills has alone

been preserved by caps of semi-conglomerate cornstone. Thus to the perishable nature

of the strata must be attributed the usual absence of gravel in the centre of Hereford-

shire. Even upon reaching the chain of the Abberley and Malvern Hills, where a lofty

ridge of syenite and greenstone has risen through the Silurian rocks and Old Red Sand-

stone, we find little or no coarse detritus upon the western side of the ridge, except

in two hollows immediately beneath the hills, in which are heaps of angular and disin-

tegrated syenite. One of these hollows occurs near Colwell Green, and another near

the Eastnor Obelisk. No gravel, however, properly so called, occurs on the western

flank of the Malvern Hills, except a small patch near Clencher's Mill, which has been

accumulated in a trough between the Silurian ridges of Malvern and Ledbury, from

both of which the materials have been derived. On the east side of the Malverns, on

the contrary, accumulations of the wreck of the syenite and Silurian rocks flank the

gravel of the valley of the Severn or the northern drift, the consideration of which oc-

cupies the next chapter.

The absence of all fine or coarse detritus in the valley of elevation of Woolhope has

before been pointed out, the only remains of the broken materials which have been

swept out from the interior of that remarkable valley, being partially heaped up at the

mouth of the principal gorge by which it is drained. In such a case we should expect

to find the debris where it is, namely, lodged only at those points of its margin, which,

having been broken through, permitted the disintegrated materials to escape by trans-

verse apertures from the centre of elevation. Such examples offer, indeed, the most

convincing proof of purely local drift.

From Herefordshire or the great water-shed of South Salop and Radnor, let us pass

into the drainage of the Usk, and see if it offers analogous evidence. The valley

of the Wye is separated from that of the Usk by the lofty chain of Old Red Sandstone,

called the Black Mountain, the highest points of which are about 2300 feet above the

sea. Whether we cross this dividing ridge in the neighbourhood of the Hay where it

is high, by the lateral valleys in which the minor streams flow from north-west to south-

east, or by the Monmouth Cap, where it is comparatively low, we meet with finely

levigated red silt only, or gravel both coarse and fine, derived from the cornstone or

other members of the surrounding Old Red Sandstone 1

. When we descend into the

i The embayed flats south of Whitfield and north of Monmouth Cap, are good examples of the fertile soil

produced by the breaking up and disintegration of these materials,
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valley of the Usk, the narrow transverse valleys in which the minor streams flow

from the crest of Old Red Sandstone, as well as the south-eastern face of the moun-
tains, are loaded with bowlders of that rock alone. In the broad and deep valley of

the Usk itself, from the west of Crickhowell to Abergavenny, is much coarse gravel,

lodged sometimes several hundred feet above the present bed of the river. A part of

this gravel has also been transported from the mountains of Old Red Sandstone (on

the north-west), but the greater portion has, doubtlessly, been derived from the margin
of the contiguous coal basin of South "Wales, which from Crickhowell to Newport, con-

stitutes the opposite side of this deep depression.

The enormous accumulations in the vale of the Usk, between Crickhowell and Aber-

gavenny, have been previously cited, as the necessary results of the powerful dislo-

cations and denudations to which this valley owes its origin ; and the amount of the

wreck has been satisfactorily explained by showing, that the insulated and lofty limestone

peak of Pen Cerrig-calch, now distant five miles from the edge of the coal-field, has

been separated from the main mass of the formation by the scooping out of the inter-

vening valley to the depth of 1200 or 1500 feet. (See p. 163.)

The Usk, from its source to its mouth, winds round the escarpment of this coal-field,

and hence, in the valley watered by it, we find an intermixture of detritus produced

by currents, which have flowed from different centres of elevation. A great number of

the fragments of the Old Red Sandstone have been drifted from north-west to south-

east, owing to the ancient elevation of the region • but the broken materials of the coal-

field have been carried from the south, south-east, and south-west, towards the north,

inconsequence of the east and west movement before described (p. 406), each drift pro-

ceeding from independent points of disturbance. These drifts have been arrested upon
certain promontories only

;
thus, for example, although they are in great force around

the town of Abergavenny, obscuring the lower sides of the surrounding mountains, yet

the lower limits of the Little Skyridd, reaching to Llangattock, are free from such

coarse detritus, presenting slopes of deep red loam, which terminate in the sandy and
gravelly bed of the Usk. In descending this valley to the town of Usk, the river flows

through a large, elliptically shaped mass of Silurian rocks, already described as rising

in the form of an irregular valley of elevation, (p. 441.) The western face of this in-

sulated mass of rocks, which approaches within a few miles of the external lip of the

coal basin, has been covered by a prodigious quantity of bowlders and coarse gravel of

the coal-field, the hard white grits predominating ; the red matrix and chief mass having

been derived from the surrounding Old Red Sandstone. The bowlders of the coal

measures can be traced up to the mouths of large transverse rents in the edge of the

adjoining coal basin (Pontypool, &c.) ; and the chasms prove what vast masses of

solid rock must have been abstracted from them. These materials were no doubt

poured down into their present situations during those periods of elevation when the

adjoining carboniferous strata were thrown up and fractured.

3t
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It must be observed, that these bowlders are not strewed in the direction of the ex-

isting water courses, but have been propelled to the east and north-east, thus meeting

the ancient or north-western drift
1

. It has also been shown, (p. 441 ,) that the centre of the

uplifted mass of Silurian rocks near Usk, is as free from gravel or other detritus as the

valley of elevation of Woolhope, all the broken materials having been shot off from the

centre to the flanks. But although the interior of the Silurian tract of Usk has been

shielded in its southern part, from the sterilizing effects of an overflow of carboniferous

detritus, the northern portion, including the hills of Lancayo, Trostrey, and Clytha, as

well as a large tract of Old Red Sandstone, extending by Penrose to Llantillio, exhibit

some large bowlders with much small gravel of the coal-fields. This is brought forward

as an addition to the other proofs which have been adduced, to show that the periods

of elevation of the Silurian and carboniferous rocks were independent and distinct

;

and it by no means affects the inference, that all such materials were accumulated under

the sea. In the tracts further removed from any coal-field, as at Ragland, are no large

bowlders, but small pebbles only of millstone grit, mixed up with vast quantities of

fragments of the Old Red Sandstone. In some parts of the district between Clytha

and Llantillio, lying to the south and south-east of the Holy Mountain, which is com-

posed of Old Red Sandstone, the bowlders consist exclusively of the hard beds of that

formation, and are of so great a size as to be split up for building purposes, in the

absence of regular quarries. In following these bowlders from Llantillio southward,

they become smaller as we recede from the flanks of the mountains, and at Clytha all

the gravel is round and finely comminuted, of great thickness, and it alternates

with layers of sand. Not a vestige of trap or of any rock foreign to the drainage of

the district, is to be found in these deposits. On descending the Usk from the town

to the river's mouth, the coarse detritus also gradually disappears, giving way to fine

sand and silt, through which the stream winds to the estuary of the Severn.

Another striking example of a mass of coarse drift, thrown off by elevation, is dis-

played on the south-eastern talus of the Brecon anticlinal, and all the phenomena

agree with those previously described. A sharp and highly dislocated ridge of Upper

Silurian Rocks has been elevated on a line from north-east to south-west, and the

country on the north-west being higher than that to the south-east, the drift has all

been carried in the latter direction. The great transverse faults by which this ridge has

been fissured, have necessarily become the beds of the existing water courses of the two

1 This ancient drift is very distinct from the modern detritus carried down from the gorge of Pontypool, and

described by Dr. Buckland (Geol. Trans., vol. v. Old Series, p. 531.) as forming a naked strand of pebbles

beneath the escarpment of mountain limestone. The dissimilarity between the river deposits and the ancient

drift will be hereafter pointed out in the case of the river Sowdde. The reader will bear in mind, that all the

transported matter described by Dr. Buckland as diluvium, and which he considered to have been swept over

pre-existing land, constitutes in my vjew submarine detritus of various dates, while his post diluvium is simply

a subaerial deposit.
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rivers Honddhu. These streams, therefore, like the Teme, the Onny, and the Lug, flow

in the same direction as the coarse drift ; but as the latter encumbers the whole talus

of the elevated mass, being lodged in upland combs on sides of hills, quite remote from

the river channels, it is clear, that it never could have been distributed by existing

fluviatile action.

From the hydrographical basin of the Severn and its tributaries, we now turn to that

of Caermarthenshire and Pembrokeshire. The Towy, or chief river of this tract, rises in

the Cambrian or slaty rocks, and runs from N.N.W. to S.S.E., or transversely through

the strata until it reaches Llandovery, where it is deflected to the south-west. At
Llandeilo it is again bent still more towards the west until it reaches Caermarthen

;

thence it finally takes a direction to the S.S.E. and empties itself into the sea. From
Llandovery to Caermarthen, this river flows in a wide longitudinal denudation ; but be-

tween Caermarthen and the sea it passes through a transverse fissure in the junction

beds of the Silurian rocks and Old Red Sandstone. (See p. 350.) The westerly course

of this river, from Llandeilo to Caermarthen, has been caused by those convulsions

which threw the strata out of their original direction, and gave to them the westerly

strike of the Glamorganshire and Pembrokeshire coal-fields. Such ruptures, doubt-

lessly, caused those denudations by which the valley has been excavated, and in which

the Towy now holds its course. In the upper tracts watered by this river, it passes

through fissures transverse to the Cambrian strata, and, therefore, all the detritus has

been derived from them. Much of that which has been spread, in the form of low

coarse shingle, over the wide river plain below the town of Llandovery, may have been

deposited within the historical period, and will be alluded to hereafter.

There is no part of South Wales in which the difference between ancient coarse

drift, which we presume to have been submarine, and that, which we know has been

formed under the atmosphere, is more clearly marked than in this part of Caermarthen-

shire. Let the observer quit the low modern river shingle of the vale of Towy,
between Llandovery and Caermarthen, and approach the elevated border of the coal-field.

Before he has passed the parallel ridges of Silurian rock which separate the vale of

Towy from the Old Red Sandstone, he finds large bowlders lodged at high levels, in

hollows between ridges of Silurian rock, and in positions where no streams can have
flowed, since the surface of the land assumed its existing outline. Here we see the

effects due to those great movements by which the Caermarthen Fans were thrown up,

and which, doubtless, produced currents adequate to the transport of blocks to a dL
stance of several miles in directions eccentric from the lip of the coal basin, and opposed

to the prevailing line of drainage. By following the edge of this basin to the sea,

between Kidwelly and Caermarthen, we find that as the hills diminish in height, the

transported materials diminish in quantity and size, the lower ridges having thrown off

little or no coarse detritus. In that part of the course of the Towy which lies beyond
the influence of these elevations, the river has never transported any debris except

3 t 2
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flattened shingle and fine gravel, derived from the adjacent Cambrian and Silurian

rocks, At Caermarthen the river becomes already a navigable estuary, the channel no

doubt having been excavated by the river itself through mud and silt of its own depo-

sition. On the sides of this modern delta there are, however, hillocks which contain

indications of separate ancient operations. One of these mounds, called Goylan-goch,

on the left bank of the river, exposes a vertical section of 30 to 40 feet. The upper

half is made up of coarse gravel of a brown yellow colour, containing many bowlders

of Old Red Sandstone, millstone grit, &c. This mass is neatly separated from an un-

derlying accumulation of finely laminated black shingle and coarse grey Cambrian and

Silurian gravel, with here and there dividing laminse of fine, light- coloured sand. The

arrangement in this hillock, therefore, presents two periods of aqueous agency entirely

unconnected jj
one anterior to, the other following the elevation of the adjoining coal-

field. Such results might be expected from the elevation of the Silurian rocks and lower

portion of the Old Red Sandstone, which, it has been shown, gave rise to the most

ancient state of the vale of the Towy, whilst the subsequent upheaval of the coal-field

produced the detritus which covers the Silurian drift.

The soft and destructible nature of the mountains, and the absence of decided ridges

of elevation in the north-western parts of Caermarthenshire, account for the paucity

of large bowlders proceeding from that quarter, which under other circumstances might

have found their way into the vale of the Towy.

Superficial detritus of Pembrokeshire.—The detritus which appears on the surface of

most parts of Pembrokeshire, is of a simple character, and, as in other parts of South

Wales, is of local origin. It consists of fragments of greenstone, porphyry, Cambrian

grits, &c, all of which can be traced to the various mountains forming the crest of the

county. In some parts, this detritus is exceedingly coarse, as in the tract west ofNolton

Haven, where the blocks of trap are numerous and vary in breadth from less than a foot

to several yards. In other tracts, as north of Haverfordwest, we meet with finely com-

minuted gravel ; but this is rare. On the whole, though much denuded in some di-

stricts, Pembrokeshire is exempt from any traces of those sediments, which in other parts

of South Wales may be referred to lacustrine and fluvio-lacustrine accumulation ; a fact

which harmonizes remarkably with its physical features. The region is truly one with-

out any freshwater streams of sufficient length and width to be worthy of the name of

rivers ; and there are no natural depressions of any extent in which surface accumulations

could be received. Such, indeed, must be the case in a tract, not only flanked on three

sides by the sea, but also fissured by the great chasm of Milford Haven and its tributary

creeks, through which the tide now flows by devious branches to the very heart of the

county. It is highly probable that a large portion of the coarse detritus, remnants of

which still partly encumber the surface of this tract, has been swept down and carried

out to sea through these deep channels. We are led to form this opinion, because the

lower and southern end of the county consists of undulating hills of slight elevation,
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singularly void of drifted matter. The lines of most powerful dislocation are, however,

often obscured by heaps of rubbish, already alluded to in describing the remarkable

elbow of Silurian rocks and Old Red Sandstone near Cynic 1

.

The facts recorded of ancient drifts, in positions not within the range of existing drain-

age, must have great weight in leading us to conclude that the coarse materials thus

strewed over the surface cannot have been accumulated by fmviatile action, but by bodies

of water which had certain directions given to them, and which have fixed relations to

the lines upon which the strata have been elevated. The Teme and the Wye, with

their tributaries, flow in the same direction with the marine drift, and hence the higher

sides of their valleys are naturally loaded with detritus derived from the slopes of the

elevated north-western ridges. But wherever the rivers quit the main course of this

ancient drift, we no longer find that they have upon their banks similar coarse materials.

The Severn affords an excellent illustration of this rule. That river, rising in the

eastern slopes of Plinlimmon, first follows a devious course to the north-east, and
passes through Montgomeryshire in a longitudinal valley parallel to the strike of the

chain. Beyond Welch Pool it is increased by the united waters of the Ffyrnwy and the

Tannat, and then glides from the Welsh territory into the plain of Shrewsbury. Now, if

existing fluviatile action had been concerned in transporting the coarse drift and bowl-

ders, some portion of the materials would accompany the Severn in its course to the

north ; but not so : all such materials are left behind, in the tract whence that river

escapes, and without reference to any line of existing drainage, are strewed over hill

and dale in a south-easterly direction, having thus obeyed the great movement impressed

upon them by the elevation of the adjacent chains.

1 Besides the detritus above described, Pembrokeshire contains a small singular deposit, to which my atten-

tion was directed by the Earl of Cawdor, namely, an accumulation of pipe-clay, chiefly white, but sometimes

striped red, or mottled like Castile soap. It alternates, and is in part mixed up with gravel, composed princi-

pally of pebbles of white quartz. This mass occurs about three miles west of Stackpole Court, and covers

about five or six acres of the carboniferous limestone of that promontory. It has been cut into to a depth

of 45 feet, 35 of which have, in some parts, proved to be of pure pipe-clay without a pebble. In other

parts the clay becomes nearly black towards the bottom. It makes excellent earthenware, especially when
mixed with about one third of the coarser clay. The whitest quartz pebbles, being selected and sifted, are

ground into powder, which being united with the clay forms excellent fire bricks. As the tract of Stackpole,

the southernmost promontory of Pembroke, is entirely free from other detritus, it seems difficult to account

satisfactorily for the origin of this patch of clay and gravel. On the whole, however, it so strongly reminded

me of the older tertiary deposits on the coasts of Hampshire and Dorsetshire (particularly in the composition

and aspect of the pipe-clay), that when on the spot I could hardly resist the persuasion that this accumulation

might be a relic of the same period*. The quartz pebbles, indeed, were evidently derived from the adjacent

conglomerates of Freshwater West, on the north; and, therefore, to whatever epoch we assign it, this matter
has been drifted in the same direction as all the other detritus of Pembrokeshire.

* M. Elie de Beaumont wiU probably remark that this deposit, like those of Hants and Dorset, is on a line

of fissure proceeding from east to west.
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In concluding this chapter, I may state, that after a patient examination of the older

drift and its purely local character throughout this region, its production is best ex-

plained by reference to those movements by which the solid strata were successively

upheaved from below the sea ; on which occasions, the beds being much shattered, all

loose fragments were thrown off upon their slopes. I may, perhaps, venture further,

and assert that the following positions have been established.

1 . That the drifts being of local origin, the agency must also have been local.

2. That the dry combs and depressions in which no streams flow, but in which large

masses of drift are lodged, must have been excavated or modelled by a body of water

which once filled them ; and as that water could not have been derived from the drainage

of the country, it consequently must have been produced by the combs being below the

level of the then existing seas, and having a direct communication with them.

3. That the action of this water, affected either by tides or periodical freshes, pro-

duced in part the detritus, wearing it down into pebbles and sand.

4. That the volcanic outbursts and local disturbances, of which so many proofs have

been adduced, caused, from time to time, tumultuous currents, which accumulated the

irregular heaps or hillocks of coarse drift ; the same disturbances probably producing

permanent changes in the relative level of sea and land.

5. That these operations gradually changed the hydrographical characters of the

districts, and eventually converted the estuaries into lakes and rivers. The processes

by which these bodies of water were filled up or reduced to their present size will be

considered in the sequel.

Whether all these deductions be admitted or not, it must be acknowledged, that as

Siluria is exempted from all the far transported detritus so prevalent in the surrounding

parts of Great Britain, the region cannot have been visited by a great deluge flowing

from other countries after its features had been determined and its present valleys exca-

vated. In this respect, indeed, it bears the same relation to the British Isles as Auvergne

does to the whole of France ; the surfaces of both these isolated tracts being covered by

local detritus only, though environed by countries loaded with foreign debris
1

.

1 See Lyell and Murchison on the Excavation of Valleys in Central France, Edin. New Phil. Journal, vol. vii.

p. 15. I hope not to be charged with egotism when I state, that this memoir, in conjunction with the writings

of Mr. Poulett Scrope, was among the first which fairly brought the diluvial question to issue in this country,

and gave rise to those discussions which led to the refutation of the belief in a general terrestrial deluge, which

had affected simultaneously all the surface of the globe.



CHAPTER XXXVIII

THE NORTHERN DRIFT.

1 . On a Northern Drift containing granite bowlders and sea shells of existing

species, which covers large parts of Lancashire, Cheshire, Shropshire, Staf-

fordshire and Worcestershire ; prefaced by a sketch of the probable condition

of the surface before and during its deposit, comprising a short account of the

local detritus which the northern drift covers and with which it is partially in-

termixed.

Quitting the Silurian region, which is covered with local detritus only, and pass-

ing its northern or eastern limits, we enter districts where a large portion of the accu-

mulations are associated with others which have been transported from Cumberland,

and probably even from Scotland.

The former hydrographical condition of this tract cannot, however, be considered

without assuming the following positions, which are established in the sequel. 1st. That

the granitic and other detritus derived from the north, constitutes, wherever it is found,

the uppermost part of the drifted matter, and contains sea shells of existing species.

2nd. That this granitic and shelly detritus never enters into the region occupied by

the Silurian drift, but sweeping round its northern face, extends in an elongated deltoid

form along its eastern flank, either covering or mixing with the local drifts with which

it comes into contact.

By the term northern drift is, therefore, simply meant an accumulation of materials,

the chief mass of which had a northern origin ; for here, as in the region of Siluria, there

are also evidences of local drifts. Now, though we may be unable, on all occasions,

rigorously to define the demarcation between the local drifts and the northern drift,

yet from structure and composition there can be no doubt that all these accumulations

were formed by long-continued aqueous action; and that the northern granitic detritus

with marine shells of existing species indicate the last of such operations. Evidence

will hereafter be adduced to show, that while this northern drift was accumulating,

that is, during the latest period at which the region was submarine, not only was Siluria

above the waters on the west, but also a large portion of England on the east. The
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latter point is established, by the remains of land and fluviatile animals accompanying

the detritus of eastern rocks. These observations will afford the reader a general view

of the subject ; and while perusing the following details he must bear in mind that a

large portion of the centre of the map was under water after the other parts had been

raised above it. This recently submerged tract includes the eastern parts of Lancashire,

nearly all Cheshire, the north of Shropshire, and large portions of Staffordshire, Wor-
cestershire and Gloucestershire, being the region coloured as New Red Sandstone.

In proving that these districts were under the sea, while Siluria and Wales on the one

side, and a portion of England on the other, were above it, we assume that the sub-

marine tract had towards the north the form of a great bay, which tapering towards

the south, terminated in a strait. It is specially to the central and southern parts of

this space, that I now proceed to call attention
1

.

Local or underlying Detritus of the region overspread by the Northern Drift.

The subsoil of two thirds of the tract in question consists of rocks of the New Red

System. The oldest strata (with the exceptions near Dudley and Tortworth) belong to

the carboniferous series, which, when heaved up through the New Red Sandstone, oc-

casioned, at various points, a vast destruction of solid matter. (See illustrations in

chapters 36 and 37.)

The consideration of this local detritus will be brief, for its composition and

structure lead us to suppose, that it must have been accumulated beneath the sea or

in estuaries, in the same manner as the coal measure detritus described in the last

chapter, and possibly at the same period. The surfaces of the Salopian and Staffordshire

coal-fields present, indeed, very generally, the same phenomena ; vast masses of the

New Red Sandstone with which they were once covered having been broken up and

distributed in irregular mounds of fine sand and gravel. Sometimes the fine sand

predominates ; but more often is intermixed with shingle-like gravel, both coarse

and fine, derived from the New Red Sandstone and adjacent rocks. In certain parts,

rounded quartz pebbles alone prevail ; in others, vast masses of clay inosculate with

beds of sand and gravel. Everywhere, however, the deposits clearly prove, that their

materials were derived from the neighbourhood of the localities where they are now

accumulated. Taking, for example, the tract surrounding Dudley, and examining into

the composition of the oldest or local detritus, we immediately perceive, that it must

have been principally produced by the upheaval of the carboniferous strata through the

overlying red sandstone j for it contains great quantities of the latter in a triturated

state, also rounded pebbles of quartz, derived from the disintegration of the conglome-

1 The present relative levels of land are so prodigiously changed since the early condition of the region, that

some of the tracts containing recent shells on the surface are upwards of 1700 feet above the sea, while adja-

cent Silurian tracts elevated at much earlier periods, now lie at very low levels.
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rates ; and the only other materials are referrible to the adjacent Silurian and trap rocks.

Although these accumulations have often a very variable aspect, I confess I am unable

to draw any distinctions in their age. In some places, the sands appear to occupy the

lowest position j in others vast masses of clay, 100 or more feet thick, the decomposed

shale of the coal-fields, mixed up with broken coal, grit, &c, underlie the sand;

and again the sand, clay and gravel are dovetailed into each other. Hence we must

conclude, that they all resulted from long-continued, submarine currents, which acted

in different directions and were influenced by the various movements of elevation and

disturbance to which, we know, the district was subjected. (See chapters 36 and 37.)

A fine section of this detritus of the Dudley field, has recently been laid open about five

miles from Birmingham in cutting the grand j unction rail-road. The upper part consists

,

of from 25 to 30 feet, of foxy-coloured sand with rounded quartz pebbles, varying in bulk

from 4 or 5 inches, to the size of a wren's egg. This sand rests, in one part, irregularly

upon a mass of 60 or 70 feet of bluish clay, in which small pebbles occur at intervals, and

more frequently angular fragments of the coal-field ; also occasionally concretions of iron-

stone with small pieces of coal 1
. If the north-eastern side only of the deep cutting

were examined, the clay or lower portion of the deposit might be conceived to indicate

an earlier period of denudation ; but on further research, sand, apparently the same

with that which lies above the clay, is found to rise in wedge-shaped and irregular

masses through it, thus compelling us to assign the whole to one epoch. In this detritus,

I could trace no signs of the granitic or northern drift, for though the northern bowlders

are strewed plentifully over the surface of the eastern and northern faces of this field,

they are not intermixed with this local detritus. The quantity of small rounded pebbles

of quartz rock around certain parts of the tract is very great, particularly near Bar, and

thence towards Lichfield. Still larger quantities of the same pebbles are piled up on

the western slopes of the Clent and Higher Lickey Hills. It mast not be imagined

that these quartz pebbles were rounded by the action of the water which strewed this

detritus over the bottom of the sea. They are, in fact, evidences of the action of the

more ancient bodies of water, which formed the conglomerate of the New Red Sand-

stone, &c, their present distribution having been simply due to the disintegration of

those rocks, and the disturbances before alluded to
2

.

1 In many parts of the adjacent districts drifted fragments of coal are found in the superficial detritus, and

these have occasionally led idle speculators to dream of coal-fields in situ. Such coa]y detritus occurs near

Bobbington, between Dudley and Bridgenorth, and also at Powick and other places near Worcester. At the

former place it covers the New Red Sandstone, at the latter the " Keuper " marl of the same system.

2 In his memoir on the quartz rock of the Lickey Hill (Geol. Trans., vol. v. Old Series.), Dr. Buckland has

clearly explained, that these pebbles were rounded by ancient and not by diluvial action. He supposes, that

many of these quartz pebbles of the central counties, were originally derived from the little ridge of quartz

rock of the Lower Lickey Hills (which I have shown to be altered Caradoc sandstone), indicating, at the same

time, that most of them had been first formed into conglomerates of the New Red Sandstone, and afterwards

distributed by diluvial agency. If the present configuration of the country be considered, it would be im-

3 u
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Local.

Again, around the field of Coal Brook Dale, there is distinct evidence of much local

detritus, derived from the breaking up of the red sandstone and the protrusion of coal

measures, Silurian rocks, trap, &c. ; and the local detritus is overlaid by the drift con-

taining northern bowlders 1

. Excellent examples of this superposition may be seen near

Buildwas and the Iron Bridge, where mounds of regenerated red sandstone, the residue

of the rocks shattered during the rise of the coal-fields, are wholly exempted from

foreign detritus, though the latter, containing many varieties of northern granite, is

found on the surface, both surrounding and partially covering the coal-field.

Similar phenomena, though of rather a more complicated character, are observable

on the banks of the Severn, near Shrewsbury, as expressed in the accompanying wood-

cut.

Section on the right bank of the Severn at Preston Hall, 4 miles south-west of Shrewsbury.

"a. Soil of heavy clay and loam containing a few bowlders of 107.

northern granite, fragments of Silurian and Cambrian
Northern J rocks, and small pieces of the carboniferous strata,inos-

Drift? \ culatingwith sandy loam and sand.

b. Reddish foxy sand, in fine layei-s alternating with laminae

of brown sandy clay, a few pebbles, &c.

"c. Irregular alternations of coarse gravel and finely laminated

sand. The former contains shingley, flattish, water-

worn fragments of all the surrounding rocks, the sand

j_
being of light red colours. No granite in this mass.

d. Regenerated red sandstone.

e. New Red Sandstone.

Sections varying in detail, but presenting the same general arrangement, are visible

at Shelton Rough and other places on the banks of the Severn, near Shrewsbury.

At the base they consist of soft deep red sandstone without any foreign pebbles,

the mere disintegration of the red rock, which is seen beneath in situ. This bed is

covered by mixed detritus of foxy-coloured gravel, made up of the rocks above men-

tioned, with chert and grit of the coal measures, and being of a dingy grey tint, it is

strongly contrasted to the red colour of the underlying mass. A speculator might

endeavour to prove, that these deposits, being of different colours and composition, are

referrible to separate epochs of drift. He might argue (and with plausibility), that after

the great banks or shoals of red sand, which generally occupy the lowest position, had

been elevated to a certain extent, matter of different composition was drifted on them,

the sand banks themselves being modelled and rounded off by the action of the re-

treating sea. But I have seen too many cases in which that order is reversed, and in

which red sand re-occurs, overlying grey detritus of coal grits and older adjacent rocks,

to admit such a speculation. All we can safely affirm, is, that the different sections

vary very much in their composition ;
though they all have the aspect of having been

practicable to refer the great heaps of these pebbles in the eastern slopes of the Clent or Higher Lickey to

the little ridge of Lower Lickey. The various sites of the same quartz rock, near the Wrekin, Caradoc, &c,

were probably the sources of these great masses.

> Mr. Prestwich has also noticed this arrangement, Geological Proceedings, vol. ii. p. 404.
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formed by long-continued submarine action ; that the materials occupying their lowest

stages can invariably be traced to their parent rocks within very moderate distances

;

and lastly, that the purely local detritus is generally covered by clay, sand, and gravel,

with bowlders of the northern drift, though the latter are sometimes intermixed with the

underlying accumulations of local origin. Similar sections may be seen on the surface

of the lias tract between Prees and Whitchurch, where much local detritus is covered

by clay and loam containing granite bowlders, the latter lying both on and near the

surface, and at small depths in the local gravel. Many more examples might be given,

but enough has been stated to show, that the great mass of this local drift underlies the

northern. In Worcestershire and in Gloucestershire, the same distinctions can be drawn

between local and far transported debris. Large portions of the eastern side of the vales

of Gloucester and Worcester are strewed with accumulations of purely local character,

derived from the adjacent oolite escarpment, or from the outliers of that system. Near

Cheltenham, Evesham and other places, this fine local drift fills depressions in the lias,

or is troughed in gullies on the lower slopes of the Cotteswold Hills
1

. Half of the town

of Cheltenham is built on such materials, in parts comminuted to a fine sand in

which I never observed the fragment of a distant rock. The northern drift is of very

different character, and sweeping down the central part of the same valley, it caps,

north of Evesham, hills of 300 or 400 feet in height. Below Worcester it composes

lower hillocks, derived both from the Oolite on the east and Silurian rocks on the west,

mixed up with the finely laminated fragments of northern origin.

After this description the reader will perceive, that it is not always practicable to

separate the more ancient or local drift from the more recent or northern. Nor ought

we to find such separations ; for as the materials of the former lined the bottom of the

sea when the latter was deposited, there must have been a partial intermixture. Nay,

more, if (as I believe) Siluria and the larger part of Wales were dry land, while the

country now covered with the northern drift was submerged, the rivers flowing from the

former region must have transported fragments of Silurian and other rocks into the

same sea in which the granite detritus of the north was accumulated, and in which lived

the shells found associated with it. Examples of this intermixture occur specially along

or near the borders of ancient Siluria
2

.

1 I do not mean to assert that the local sandy detritus, near Cheltenham and Evesham, is of the same age

as the local drifts of Salop which underlie the northern drift. Some of it may be even younger than the

northern drift. Neither Mr. Strickland nor myself have ever detected any organic remains in these local, sandy

deposits, which have no distinct relations to the general drift. See " Outlines of the Geology of Cheltenham

and neighbourhood." R. I. Murchison.

2 Much caution is required in distinguishing local from far transported detritus; for what may appear to be-

long to the latter can often be strictly referred to the former. Thus, for example, the disintegration of the

calcareous conglomerates of the New Red System on the left bank of the Severn, besides pebbles of quartz

rock, afford fragments and fossils of the carboniferous limestone ; and as no portion of that rock is in situ, these

fragments might be supposed to have been drifted from a great distance, when the alluvial matter was deposited.

3 u 2
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Northern Drift, containing Granite Bowlders and Sea Shells of existing species.

The region thus partially occupied by local detritus, derived from various centres, is

overspread by a great drift from the north, which, as has been already stated, covers

large tracts of Lancashire, Cheshire, Shropshire, Staffordshire and Worcestershire.

The country from which this drift proceeded is clearly shown by its contents, for none

of the varieties of granite and other rocks which it contains, occur in Wales or the

adjacent parts of England, but they are all well known to exist in Cumberland and

Scotland. This granitic detritus is further proved to have issued from the north, not

only by its greater volume in that direction, but also by the blocks diminishing gra-

dually in size as they are traced from north to south. On or near the coast of Lan-

cashire (as at Preston)
1

the thickness of the drift is 150 feet and more, consisting, in

some parts, of deep masses of clay, in others of sand and fine gravel, in all of which

large bowlders of granite are mixed up with some local detritus and sea shells of exist-

ing species. The drift thus characterized (and traceable almost every where by its

granite bowlders on or near the surface) covers a very large portion of Cheshire and

the adjacent tracts of Staffordshire and Shropshire ; thus ranging over nearly the

whole region coloured as New Red Sandstone with patches of coal measures. On
the east it has no well-defined limit that I have yet observed, until it reaches the vale

of Worcester, where it occurs in the form of a delta, included between the Silurian

hills on the one side and the Cotteswolds on the other ; both of those hilly ranges

being entirely free from it. The greater part of its western flank is clearly defined.

Advancing from the low country, south of Liverpool, it has swept across Flintshire^

but has been arrested on the edge of the North Welsh mountains 2
. On Moel Tryfan

it occurs at nearly 1750 feet above the sea. The chain of mountain limestone and mill-

stone grit, constituting the edge of the high lands of Denbighshire, seems to have been

the ancient shore of this drift
3

. Near Wrexham it forms masses of vast thickness, con-

But this is not the case, for their transport took place during the accumulation of the deposits in which they

were imbedded, previously to the action of the waters, which formed the superficial drift and only loosened

them from their parent bed and moved them a short distance.

1 I communicated some of my views concerning this northern drift, as seen at Preston and other places, to

the first meeting of the British Association, September 1831, and I inferred, from the phenomena which I had

then noticed, the recent elevation of large portions of the island. See LyelFs Principles of Geology, vol. i.

p. 269, and Map. The area over which I have examined the phenomena has since been very widely extended.

2 Mr. Trimmer first called attention to the sea shells and coarse granitic gravel on Moel Tryfan, 1692 feet

above the sea.

3 Mr. Bowman, of Gresford near Wrexham, has favoured me with some valuable details concerning the

structure of the drifted materials in that neighbourhood. He has detected as many as 13 different varieties of

granite, mixed with other rocks of northern origin, and a great proportion of fragments derived from the adjacent

grits and limestones and slaty rocks. Mr. Bowman read an interesting memoir on the Cefn Caves to the

British Association at Bristol, 1836, which has not yet been printed, in which he treats incidentally of this
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taining a variety of granite pebbles mixed up with a large proportion of the adjacent

Welsh rocks, including the coal measures ; and the same distribution of materials pre-

vails to Oswestry, where the southern course of the drift seems to have been checked by

promontories of the carboniferous rocks.

Let the reader bear in mind, that from Oswestry to Shrewsbury there are no con-

tinuous ridges, ranging from west to east, which could oppose the southward course of

this drift. On the contrary, the ridges of Silurian rock trending from the south-west,

expose their north-eastern extremities, leaving between them a succession of longi-

tudinal valleys which are open to the tract which is strewed over with the granite

bowlders. The most striking of these valleys is that of the Severn, which river, issuing

from the Welsh and Silurian regions in a northern direction, enters the country covered

by the northern drift, and winding through it to the Iron Bridge, then traverses a

gorge at the north-eastern extremity of Wenlock Edge. (See Map.) Now, if the pre-

sent relative positions of the Silurian and northern drifts had existed during their ac-

cumulation, or if Siluria had not been then at a higher level than the submerged

district, the northern drift must have been propelled far into the low depression from

which the Severn issues into the plain of Shrewsbury. But though this drift lies on

contiguous heights, several hundred feet above the Welsh Pool valley, not a pebble of

it can be traced southwards into the low grounds beyond the Breidden Hills, all the

detritus there being exclusively of Welsh origin. Again, the longitudinal
1

valleys on

the sides of the Long Mountain, between the Longmynd and the Caradoc, or between

the latter and the Wenlock Edge, all exhibit the same phenomena. Their northern

and north-eastern extremities being low, are consequently open to this line of drift, yet

they are wholly exempted from any portion of its debris, which is lodged in such great

quantities upon the opposite slopes of the Wrekin, Haughmond Hill, &c. The fair

inference, therefore, is, that great changes have taken place in the relative levels, and

that the Silurian region was above, while the tract occupied by the northern drift lay

beneath the sea. In other words, while the country about Shrewsbury was sea, the

Severn of that epoch must have terminated at the Breidden Hills, by emptying itself

into a bay, in which the northern drift was accumulating.

This hypothesis is further sustained, by tracing the present line of the Severn to the

south, after it has escaped from the gorge of Bridgenorth. Throughout this portion of

its course, the river flows in the same direction as the great northern drift ; and thus

gravel around Wrexham
; stating, that from its structure, composition and method of deposit, it must have

been formed by very long-continued subaqueous action, and is wholly unlike the result of a transient inun-
dation. His views are, therefore, quite in unison with my own.

1 By longitudinal valleys is meant those which range parallel to the ridges or general strike of the mountains.
The country is now drained by rivers flowing through valleys or gorges transverse to these ridges. (See Map,)
Example the Severn at Coal Brook Dale j the Teme at Downton, Ludlow, and Knightwick Bridge ; the Lugg
at Aymestry ; the Wye between Ross and Chepstow, &c.
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the elbow made by the latter from Oswestry to Bridgenorth can be explained satisfac-

torily by inferring, that the Silurian region constituted an ancient line of shore, during

the period when the whole of the present valley of the Severn, from the Breiddens to

the mouth of the river, was submarine.

We shall hereafter afford independent proofs of the existence of dry land on each side

of the narrowest portion of the region then submerged, by showing that fluviatile and

land remains were washed into it from both sides and mixed up in shore detritus. In

the mean time, I would simply remark, that as the northern detritus with sea shells, where

it advances to the south, is never found on the ranges which flank the present estuary

of the Severn, but is strictly confined to the level country ; so the form of the tract

strongly supports the belief in the existence of a great channel of the sea, extending

southwards through Worcester and Gloucester ; the eastern and western shores of which

were the Cotteswold and Malvern Hills. The former chain presents sloping escarp-

ments to the valley of the Severn, with salient and re-entering angles, precisely like the

headlands of a shore, formed by the action of a sea acting upon the soft and hard ma-

terials. At the base of these oolitic hills are masses of local detritus, in the form of

sand and shingle as before described. On the opposite side the sharp ridge of the

Malverns stands out like a mural buttress on the flank of the Silurian region, remind-

ing the traveller of rocks of similar form and composition on the sides of straits
1

. How
far over the kingdom the eastern limb of the northern drift may have extended, and

whether even the whole drift under consideration, is not a portion of that which covers

such large tracts in the east and south-east of England, remains to be determined.

There is, however, every reason to believe, that in the tracts adjacent to the eastern

limits of the annexed map, the north and south valleys, such as those of the Evenlode

and Cherwell, may have been under the sea during the same period. The excellent and

clear description of the physical features of these tracts given by Dr. Buckland (Geol.

Trans., Old Series, vol. v. p. 516 et seq.), and his account of the transport of the quartz

pebbles derived from the Lickey Hills and the conglomerates of the New Red Sand-

stone of the central counties, mixed with fragments of northern origin, seem to me to

indicate, not as is inferred in that paper, the rush of diluvial waters over pre-existing

land, but that the tracts, so covered, were under the sea during the period of the

northern drift, the Cotteswold and other ridges, as before stated, being then above them.

Judging, however, from the vast mass of gravel, occasionally charged with modern

marine shells, which covers such large portions of the eastern counties, the area which

was then submerged must have been very great, and consequently the amount of existing

dry land inconsiderable.

I have said that the drift under consideration is specially distinguished from all local

detritus by containing fragments of northern rocks, many of which are of vast size, and

1 If the valley of the Severn were under the sea, the Malvern ridge would strikingly call to mind the rock of

Gibraltar.
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sea shells of existing species ; and that by these features, both the direction in which

the chief detritus was carried, and the epoch of its deposit are clearly established. It

would fatigue my readers, and convey no additional knowledge, to describe all the

situations where such phenomena have been observed. So numerous, indeed, are the

localities over the region in question, where northern bowlders and modern sea shells are

grouped together, that no doubt can exist, that the phenomena were due to a submarine

agency extending over a very large region. When we examine the details, very great

diversities of composition are, it is true, observable in the arrangement and composition

of the drift at different localities. Thus, in Cheshire, gravel, like that of a sea shore,

containing marine shells, has been discovered by Sir Philip Egerton in several localities
1

;

while throughout the long, low tract, recently laid open by the cutting of the Grand

Junction Kail-road, the drift is a thick argillaceous mass, with here and there a

few fragments of northern rocks, and at intervals sea shells. Varieties of equal or

greater diversity occur throughout North Shropshire. About Marrington Green, seven

miles north of Shrewsbury, it is mostly a heavy clay, though in other contiguous places

a coarse gravel, in which shells have also been discovered. Near Wellington the fine

gravel is still more abundant in shells, and the gravelly deposits on the north-western

slopes of the Wrekin 2
are rich in various irregular layers of sand and gravel, the

latter both coarse and fine, with many quartz pebbles and bowlders of granite and

greenstone of northern origin, irregularly distributed with the shells. At this spot,

between hillocks of northern drift, is a small patch of purely local detritus, consisting

1 See account of this gravel with sea shells by Sir Philip Grey Egerton, Bart. Geol. Proc. voh ii. p. 189.

2 This locality was first noticed by Mr. Trimmer, to whom I am indebted for having called my attention to it.

The inferences which he drew from the appearances at this spot, of a former terrestrial condition of this part ofthe

country, which was supposed to have been covered with trees, and of its having been submerged by a sudden

inundation of the sea, were the result of a hurried visit. Subsequent examination, in which I was assisted by

Dr. Du Gard, having convinced me that the supposed stumps of trees covered by gravel, were nothing

more than the sharpened stakes and piles of a road (probably the old Roman via leading to Uriconium

(Wroxeter) over which some of the gravel from the adjoining hillocks had been thrown, I offered an expla-

nation of the deceptive phenomena. (See Proceedings of the Geological Society, vol. ii. p. 200.) Mr. Trimmer

has since acknowledged the error, into which he was drawn through the hurry of his examination, and I would

not here have alluded to the fact, did it not show how much caution is required in examining such phenomena,

when a geologist of Mr. Trimmer's ability, and who had thrown so much light on this branch of inquiry, was

for a moment misled by the specious appearances at this spot. The accompanying wood-cut explains the case.

108.

a. Sharp sand and gravel, with granite bowlders, and forming hillocks, b. Swampy depression between the hillocks

into which vertical piles had been driven, c. The piles and osier, d. Gravel thrown in from the adjoining hillocks to

form the old road.

>
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of foxy-coloured sandy loam, in parts gravelly, overlying reddish loam and finely lami-

nated sandy marl with small pebbles of the adjacent rocks of trap, sandstone, and

quartz. Again, on the banks of the Severn, west of Shrewsbury, where Mr. Trimmer

observed fragments of shells, Mr. C. Darwin has recently traced them extending for

more than a mile in the drifted matter at Shelton Rough. The same gentleman lias

also very lately observed them in the coarse gravel south of Shrewsbury 1

, and at Little

Madeley in Staffordshire. I have myself collected them in various parts of Shropshire
2
,

Cheshire and Staffordshire, likewise between Dudley and the Severn ; while Mr. J.

Allies has found them at Powick and Bromwich, on the right bank of the Severn ; and

at Kempsey on the left bank, three miles south of Worcester; and has thus supplied the

proof required, of the former existence of an arm of the sea in that latitude. They

are most abundant and best preserved at the last place, where they lie at a height of

about 30 feet above the Severn, in a bed of wet sand, covered by about 12 feet of coarse

gravel and supported by tenacious red marl, the fundamental stratum of the district.

On visiting this locality
3
I perceived that the overlying gravel consisted of much de-

tritus of the surrounding country, including fragments of various Silurian rocks, syenite

of the Malverns, small pieces of coal and grits of the carboniferous series ;
together

with rounded pebbles of several varieties of granite, similar to those traced from the

north through Shropshire and Staffordshire. The granite pebbles, however, are much

the least abundant and never equal the size of the fragments of rocks derived from the

neighbourhood, some of which have the dimensions of a man's head, though the mass

of the accumulation is simply what would be termed coarse gravel. Here, therefore,

the smaller and finer portions of the northern detritus are commingled with various rocks

of the country through which the prevailing current has passed. From the proofs of

land on each side, and from the position of the sea shells some miles south of Worcester,

at heights of about 100 feet above the tidal level, there can be "no doubt, that when this

tract was submarine, the lower part of the country, extending south of Gloucester, was

also under the sea. As, however, few or no vestiges of the northern drift can there be

traced, we must suppose, either that the strength of currents setting in from the north

was expended before that latitude was reached, or if ever deposited, that the materials

have since been denuded, or covered by the more recent alluvia of the estuary of the

Severn.

1 I have several times looked into the deep gravel pits south of Shrewsbury, i. e. between that town and the

village of Meole-brace, without observing- certain fragments of shells which have been since detected there by

Mr. C. Darwin. The gravel in question is very coarse, and the shells are consequently much broken and worn.

The materials are varieties of the Silurian and Cambrian rocks of the adjacent districts, coal grits, &c, with

minute pieces of coal, and a few fragments of granite of about the size of a man's head. The coarse detritus

in which the shells occur is 20 to 25 feet thick, and soft regenerated red sand (purely local) appears beneath it.

2 Mr. T. Eyton, whose works have already secured him a high place among zoologists, furnished.me with

shells from the fine gravel and sand at Orleton Hall near Wellington and from Marrington Green. (See Map,)

3 In company with Mr. Strickland and Mr. Allies.
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In the wide spread above described, these sea shells are accompanied throughout by

gravel and bowlders of northern origin ; and although, as before stated, the detritus is

much attenuated as it passes southwards into Worcestershire, some of the largest blocks

and in the greatest profusion, occur in the south-eastern extremity of Salop and adjacent

parts of Staffordshire, points very remote from the source of the detritus.

The shells which I first collected were examined about two years ago by Dr. Beck,

and pronounced by him to be Buccinum reticulatum, and another species, Dentalium

Entalis, Littorina littorea, Tellina solidula, Cardium tuberculatum, Cyprina Islandica, Twr-

ritella Ungulina (Beck.), (T. Terebra, Auct.) with fragments of Venus, Astarte, Donax,

and other genera in too imperfect a state to be specifically recognised.

These and all the other sea shells since collected in the range, with the exception of

two species detected near Worcester (including Turritella Ungulina, Cardium edule, Pur-

pura Lapillus, Area, and others), are recognised byMr. J. Sowerby and all the conchologists

who have seen them to be identical with the species now inhabiting our coasts, and thus

no doubt is left as to the comparatively recent epoch when the tract in question was
submerged. Though very variable in their appearance, the accumulations containing

these shells indicate, that they have resulted from long-continued, ordinary, aqueous

action; and they present in general, much the aspect of great littoral deposits now
forming on shores, where the causes of change are of an active character 1

.

The shells which have been found at Kempsey near Worcester are Turritella Ungulina

(Beck.), Purpura Lapillus (Lam.), Anomia Ephippium (Linn.), CyprceaPediculus (Gmel.),

Trochus cinerarius (Linn.), Murex Erinaceus (Gmel.), Ostrea edulis (Linn.), with Bulla

Ampulla (Linn.), and an Oliva*,

» The distinguished Danish naturalist, Dr. Beck, to whom I have alluded, and who happened to be in

England when my memoir on this subject was read before the'Geological Society, informed me that all the
shells in question are equally found in the detritus which covers large tracts of his own country, which he
has no hesitation in considering an ancient bed of the sea, and in which also large bowlders have been mixed
up with smaller gravel and shingle. In this opinion he unites with Mr. Lyell, in showing a direct analogy
to the present bottom of the Cattegat and Baltic. Again, on the point of the resemblance of our drifted

English materials to shore deposits, I have the high authority of Mr. C. Darwin, who during five years constantly

observed the nature of such accumulations on the coast of South America, &c. Since his return, he has in-

vestigated the heaps of gravel and shingle around his native town (Shrewsbury), and he assures me, that they are

in no way to be distinguished from many shore deposits of the southern hemisphere.

In some of the beds of sand near the surface (environs of Shrewsbury) Mr. C. Darwin has traced vertical

stalactitic cylinders, of the size of straws or less, filled with white friable calcareous matter, which he
conceives to have been made up from the decomposition of the shells. I have frequently seen such cylinders

in sandy loam though not often filled with calcareous matter, and I presume that they may have been formed
by some animal, and subsequently filled by decomposition of the overlying materials, aided by aqueous action,

2 As some doubt might be entertained concerning the curious fact of this ancient collocation of species of
modern sea shells which now exist in very different latitudes only, I must state that both Mr. Strickland and my,
self, having narrowly sifted the evidence brought forward by Mr. Allies, are completely satisfied of its accuracy.
The Oliva was dug out from the very bottom of the gravel pit in the presence of that gentleman and Mr. Peake

3 x
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The conchologist will not fail to remark, that the last list presents an intermixture of

several species common to our shores, with an Oliva and the Bulla Ampulla, shells now

only found in warm latitudes. However singular it may at first appear, this fact is not

inexplicable even by reference to existing causes, for if the view which we have been

advocating concerning the former relations of sea and land in this tract be sustained,

it follows that the climate of the Vale of Worcester, when a strait of the sea, probably

approached to a comparatively warm character. Such shells, therefore, as the Oliva

and Bulla might then occasionally, though rarely, occur. This view will be made more

intelligible in the sequel.

The drift described in this chapter is found at very various levels. In the plains of

Cheshire it lies from twenty to a hundred feet above the sea. In the hills-around Shrews-

bury and in Staffordshire it occurs at heights varying from 150 to 500 and 600 feet, while

on the edge of North Wales it is nearly 1 700 feet \ Before, however, we attempt to con-

sider the method by which detritus formed of the same materials, and containing the same

species of shells, and therefore evidently distributed at the same period, could have been

placed at such very different levels, we must endeavour to work out an essential part of

the problem, the position of the great erratic blocks. The shells and small materials may

evidently have been accumulated in an estuary of the sea under ordinary circumstances,

but were the accompanying great erratic blocks deposited also by tidal action ? To this

consideration the following chapter is principally devoted.

and on a recent occasion Mr. Strickland accompanying Mr. Allies found with him the Anomia Ephippium, having

much of the nacre preserved, together with Purpura Lapillus, Turritella Terebra, &c.

The other shells were collected by a very honest and veracious person (the head workman). It must be re-

collected that the superior mass of coarse gravel is seldom cleared away to the low level of the running sand

in which the shells occur, and hence they can be detected at rare intervals only. Finding the shells well pre-

served at Kempsey, where they lie in wet sand near the surface of the red marl; and on the other hand much

decomposed and very fragile at Powick, where they are in dry gravel, Mr. Allies has suggested an explanation

which seems to me well worthy of consideration. Where the gravel is porous and the water percolates freely,

the shelly matter, he submits, being subjected to alternations of moisture and drought, is soon decomposed

;

but where it is imbedded in sand, which is constantly wet and not exposed to atmospheric variations, the most

delicate species are well preserved, even retaining some portion of their colours and the "nacre" of the shell.

The same explanation applies, indeed, under modifications to all the shelly accumulations with which I am

acquainted in Lancashire, Cheshire, Shropshire, Staffordshire, &c; for wherever the accumulation is argillaceous

and impervious to air and water, as in the new rail-road excavations in Cheshire, the hinges, &c. of the most

fragile shells are well preserved, while in the porous loose gravel of Preston and other places we find little else

besides the Turritella Terebra and those shells which best resist destruction.

1 In a very instructive letter, Mr. Trimmer informs me, that in addition to the case of Moel Tryfan, he has

detected sea shells mixed with granite pebbles, both in low cliffs on the south-western coast of Caernarvonshire,

and also on Moel Fabau near Bangor, eight miles distant from the coast.



CHAPTER XXXIX.

NORTHERN DRIFT (continued).

On the position of the great Bowlders which characterise the Northern Drift, and

on the method of their transport.

THE northern drift, as distinguished by its materials and association with sea-shells

of existing species, having been described, it still remains to inquire into the positions

occupied by the great blocks or bowlders which form part of it, and to endeavour to

explain how they could have been transported to the spots where they now lie
1

.

Though of very general occurrence throughout the tract between the Cumbrian

mountains and the parts of Shropshire, Staffordshire, and Worcestershire just described,

the large granitic blocks abound in certain localities only. Thus, their great number

on the hills near Preston and other parts of Lancashire, not far from the sources of

their origin, has been adverted to ; and the table land north-east of Liverpool may be

further cited as richly strewed with them, sometimes of considerable size. In Cheshire

they occur at intervals, but more as solitary bowlders than in heaps. In North Salop,

on the contrary, and the adjoining parts of Staffordshire, they are found both isolated

and in groups. On the northern face of Haughmond Hill and the north-western slopes

of the Wrekin they are numerous, particularly at the former locality ; while a few

stray individuals extend southwards, lying on or near the surface of the other alluvia

for a few miles south of Shrewsbury (Lyth Hill, Longden, Stapleton, &c). These may

be considered as short tassels prolonged from the edge of the fringe before described.

The greater heaps, however, are lodged in Staffordshire, particularly in the district

west of the Dudley and Wolverhampton coal-field. (See Map.) Large portions of the

surface of the New Red Sandstone, between Bridgnorth on the west and Wolver-

hampton and Himley on the east, are so studded with these blocks as to be well worthy

of a visit. In the tract extending from the hamlet of Trescot to the village of Trysull,

in the south-western part of Staffordshire, their quantity and occasionally gigantic

1 Mr. Greenough has marked upon his map the occurrence of these granitic bowlders in several inland places,

nd Dr. Buckland has reasoned upon them in his Reliquiae Diluvianse. In certain districts where they were

very numerous, they are fast disappearing through the labours of the Macadamites. The formation of good

roads must, therefore, be admitted as a vera causa for their rapid disappearance in districts where other good

materials are wanting.

3x2
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dimensions (several tons in weight) may well excite surprise, seeing that they there

occupy one of the most central districts of England. Here the farmer is incessantly

labouring to clear the soil, either by burying them or by piling them up into walls or

hedge banks, and his toil, like that of Sisyphus, seems interminable ; for in many spots

new " crops " of them, as it were, appear, as fast as the surface is relieved from its

sterilizing burthen 1

. So great, indeed, is their abundance, that an observer, unac-

quainted with the region, would feel persuaded he was approaching the foot of some

vast granitic range ; and yet the source of their origin is one hundred and fifty miles

distant ! From this great central depot, they are traceable into the estuary of the

Severn in Worcestershire, till they appear as solitary bowlders, and finally are en-

tirely replaced by gravel, in which small fragments of the same granite are intermixed

with local detritus. (See p. 532.)

In this range, the blocks, as well as the shells and smaller gravel of which we have

spoken, are found at all elevations from 50 to 400 and 500 feet above the sea. Their

course has no relation whatever to the existing drainage of the country, for as they

occur on the northern slope of the water-shed which separates the estuaries of the

Mersey and the Severn, they have followed a direction quite opposed to the present

line of drainage. Nor have the transverse, or east and west ridges and valleys, which

form the present surface, been any obstacle to their progress from north to south,

since the largest accumulations occur to the south of the crest which divides these

estuaries.

Let us, therefore, endeavour to seek for a rational explanation of the method by

which they may have been transported into such positions. In so doing we may first

advert to the different theories already propounded to explain a phenomenon, which

being very general in other parts of Europe, has given rise to much speculation. The

earliest theory, usually called the " diluvial," supposed, that these blocks had been

forced into their present positions by one or more tremendous inundations, passing

over a subsoil which had been dry land. This theory was supported by able writers,

who connected it with the account of the deluge recorded in the Scriptures, and thus

gave it a great ascendency over the human mind. It is now, however, abandoned by

almost every geologist. Independent of the physical improbability (may we say im-

possibility ?) of the rise of waves sufficiently high and strong to propel these huge

blocks across mountains and valleys, such an hypothesis has been shown to be inap-

plicable to large regions of the earth which have never been affected by any general

rush of waters since their present configuration was assumed 2
. But, besides this, we

have demonstrated, that in the region under review, not only are there no evidences

» I am indebted to Mr. Cotton of Claverly for directing my attention to many of these huge blocks in the

environs of Abbotsford Hill. Seeing their great abundance in parts of the tract, and the difficulty of eradica-

ting them, some of the farmers absolutely believe that they grow in the soil.

2 Such as Siluria; Auvergne in France, &c. (See note, p. 511.)
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of the existence of dry land anterior to the deposition of this drift, hut that it contains

marine shells of existing species, and has all the characters of submarine or shore de-

posits ; in short, that it must have been spread out beneath the sea.

Another theory is, that these blocks, in common with the associated drifted materials,

were transported by powerful currents, set in motion during the elevation of mountain

chains. The geologists who have taken this view (which I also once adopted) have not

sufficiently placed before us the probable condition of the physical geography of the

country when these currents were in action. Without showing what portions of the

present land were above and what below the sea, or what was the power of water under

such conditions, they have only spoken generally of great debacles and abrading floods,

thrown off upon the flanks of the upraised masses. Such causes may afford a true ex-

planation in Alpine or mountainous regions where there are evidences of repeated

violent action. The grooves on certain rocks of Scotland and other parts of the world

appear also to prove that blocks have been driven along their surface in various direc-

tions by powerful local currents
1

. But although this theory may be applicable in such

cases, it will not explain, in the region under review, the occurrence of distantly trans-

ported blocks, imbedded in local debris ; for if currents sufficiently powerful to transport

the blocks had prevailed, the local detritus and shells would have also been removed by
the same action.

In our case, however, the blocks having certainly been deposited under the sea, and
not transported over previously dry land, we get rid of much difficulty ; but can we
explain the phenomenon by the modern analogies of deltas and tidal currents ? If we
suppose a great delta, extending 60 or 80 miles southwards from the shores of the an-

cient Cumberland, and in which blocks of granite as well as other ancient rocks were
commingled with the marine shells at the bottom of the sea, those who argue for the

power of tidal currents may contend that, if a strait existed between England and Wales,

the tide stream might have exercised considerable power in carrying materials, and
that by comparison with straits in which tidal streams now flow, there might have been
a preponderance of transporting force in one direction •—that as there can be no doubt,

that all tidal streams have a stronger tendency to carry loose materials out to sea than

they have to bring them back again, so the ancient tide streams, which from the dis-

tribution of materials have been supposed to now and ebb in the straits of Malvern,

may have had an effective transporting power from north to south ; and lastly, that if

the shore of the ancient Cumbria which skirted the trumpet-shaped arm of the sea

extending into the straits of Malvern, formed a long inclined plane, a large portion

1 For the details concerning the grooved and scratched surface of rocks see Colonel Imrie's account of the

Campsey Hills, Trans. Wernerian Society, vol. ii. p. 35 ; Sir James Hall's memoir on similar phenomena in

the neighbourhood of Edinburgh, Trans. Royal Soc. Ed., vol. vii. ; also Dr. Buckland's commentary thereon,

Reliquiae Dil., p. 201 et seq. ;. and my notice of the scored surface of the sandstone of the oolitic series of Braam.
bury Hill, Brora, Sutherlandshire, Trans. Geol. Soc, vol. ii. p. 257,
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of the materials being derived from the southern end of that delta, would have been

hurried along into the straits, strewing their bottom with a littoral deposit from the

Cumbrian mountains. This explanation, suggested as a possible case
1

, is attended with

insurmountable difficulties in the one under consideration \ for if we assume the delta

to be only 50 miles in length (not a third of the distance to which the bowlders have

been propelled), and that the slope of the delta did not exceed 3°, I am reminded by

my friend Mr. Lonsdale that its southern end must then have lain at the depth of 13,000

feet below the level of the sea. The hypothesis of the sloping delta from the shores of

Cumberland is, therefore, quite inadmissible. If this subject were fully entered upon,

many other difficulties, as the occasional immersion of the blocks in fine sand, &c,

might be suggested in inquiring how submarine currents of water can have impelled

onwards these gigantic bowlders. It might also be objected that this ebbing and flowing

of the tide is a complex question, barely within the limits of geological reasoning. If,

indeed, it be assumed that the district occupied by water was open at each end, as I

believe it was, then it is possible that the tides flowed in opposite directions ; as in the

Irish Channel, and to a much greater in the English. But I leave this abstruse point

in the hands of those versed in the laws of dynamics, hoping that at some future time

they may explain all the circumstances under which submarine currents may effect

the distant transport of large blocks, or whether such transport is impossible.

A third theory refers the moving agent to ice, and originated, I believe, with Pro-

fessor Esmarck of Christiania, from witnessing the conveyance of stones by icebergs

during the thaw of glaciers, and their gradual advance upon adjoining plains. This

theory, being confined to subaerial phenomena, is of course inadmissible in our submarine

case. A new application of the same principle was suggested by M. Engelspach de

L'arriviere
2

, who from an observation near the mouth of the Niemen was led to believe,

that icefloes sailing out from rivers into seas, may, from the specific lightness of the ice,

have borne along many large blocks of stone and deposited them at great distances.

This opinion, being founded on the observation of a large block of granite so circum-

stanced, is well worthy of consideration, particularly since the theory has been much

improved by Mr. Lyell, who, combining this and other data, has shown that wherever

icebergs and icefloes have existed, this method of transport is unquestionably a vera

causa. The same reasoning may be applied to all those regions in which, from their

physical features, we may be sure that the cold is, or has been, sufficiently intense
3

.

1 In a letter from the Rev. W. Whewell to myself, 1836, after my memoir on this subject was read before

the Geological Society. ' This ingenious letter contains much additional matter, which may, I hope, appear

hereafter in some work by Mr. Whewell, who having since been elected President of the Geological Society,

Willi trust show us to what extent physical science can be correctly applied towards explaining geological phe-

nomena.
8 Considerations sur les Blocs Erratiques. Bruxelles, 1831.

3 See Charpentier and Venetz on the Glaciers and "Moraines" of the Alps. Professor Agassiz has also
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Once let it be granted, that large frozen masses, like those now periodically liberated

from the polar regions, were drifted to certain distances and in given directions by cur-

rents dependent on former configuration of the land, and we are furnished with an

adequate agent ; each icefloe as it dissolved, might have dropped its load of stones, at

intervals, upon a submarine surface of gravel, sand, and shells. From the observations

of Scoresby, Bayfield and others, we know that such operations are going on to a great

extent in the Atlantic, floes being sometimes wafted to very southern latitudes before

they are finally dissolved. This fact, indeed, was brought before the public more than

a century ago by Bradley 1

,
who, having learned from seafaring men, that between our

shores and the cl Plantations," large islands of ice were sometimes met with, inferred,

that the vapour arising from their dissolution, must have had a sensible influence upon

the climate of England ! Had geology been then a science, some Lyell might have

seized upon this fact for the support of a wider induction than a meteorological

theory.

But can we venture to adopt the icefloe hypothesis to explain the position of our

Salopian bowlders ? Have we a right to assume that the physical features of this

region were formerly so different from the present, that ice may then have been formed

in adequate quantities on the shores of Cumberland ? I confess that on the first consi-

deration I was disposed to reject such views as visionary, but reflection and reference

to facts have led me to perceive, that many strong arguments may be employed for their

adoption. In the first place, it might be said that even with the present amount of

land and sea, the cold of our latitudes has at times been intense enough for the pro-

duction of enormous masses of ice
2

. It might be argued that such frosts as those

which congealed the Danube from top to bottom, which closed the Dardanelles, or ren-

dered the Adriatic one sheet of ice, may have acted, in times long anterior to historic

records, on the shores and rivers of Cumberland, Scotland, and Ireland; and that the

ice islands set in motion at the termination of such frosts may have strewed their con-

tents over the bottoms of adjacent seas. If, however, such causes be not deemed
sufficient, the geologist may go much further in his endeavours to solve the problem.

Knowing that great changes of sea and land have occurred within recent periods, and
witnessing the mighty wreck of materials of the solid strata distributed on all sides, he
may venture to suggest, that when England and Wales were separated, the distribution

recently expressed some peculiar opinions on the action of ice upon the Jura, &c. Cases purely subaerial,

like these, can, however, have a collateral relation only to my submarine examples.

1 "A Survey of ancient Husbandry and Gardening," Oct. Lond. 1725, by Richard Bradley, F.R.S., and

Professor of Botany in the University of Cambridge.

2 In the year 1709 all the rivers and lakes were frozen, and even the seas to several miles from the shore.

The Adriatic Sea was quite frozen over, and even the coast of the Mediterranean about Genoa. In the year

1740 an ox was roasted on the Thames. In 1658 Charles X. of Sweden crossed the Little Belt with all his

army and artillery, &c. For a full list of all the great frosts and excessive heats, see Edinburgh Review,

vol. xxx. (No. lix.) p. 23 et seq.
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of land and sea may have been such, as to have permitted the production of icebergs,

which, being dislodged from the shores of Cumberland, might have been drifted into the

straits of the sea then existing to the south of Bridgnorth.

If, however, we admit that icefloes or icebergs may have been the true method of

transport, it is right to allude to an objection which has been raised, that the blocks in

Shropshire (as in many other parts of the world) are generally so much rounded and

worn, that they rather convey the impression of having been rolled under water, than

of having been simply removed from their parent rocks in vessels of ice. Now,

although this objection cannot be altogether obviated by replying, that modern atmo-

spheric agency may have worn away their angles and scored their surfaces, (for we

sometimes witness the same appearances when the bowlders are dug out from great

depths beneath gravel, clay and sand) still the attrition of their surface may be well

explained under any one of the following conditions. 1st. They may have been carried

down by streams to the shores, and have been long bowldered there, previous to their

insertion in the ice. 2ndly. They may have been fragments, which, falling from

the adjacent rocks, were exposed to the action of water on the shores before their

transport by ice. 3rdly. It is well worthy of remark, that granite is so prone to

desquamation 1

, that nearly all granitic chains are topped with rounded masses, which,

though really in situ, have often the appearance of being bowlders ; and these, if

dislodged from cliffs and imbedded in icefloes, would at once present the appearance

objected to, though they had never been rolled under water. Finally, it may be ob-

served, that if transportation in ice be supposed, we can account rationally for the

blocks occupying for the most part the surface or upper portions of the drift, for we

know from modern analogies, cited by Captain Bayfield, that icefloes, in narrow bays

or straits, are generally stranded on coasts or shallow shores.

Such were the arguments I employed to show how far the ice theory would account

for the dispersion of erratic blocks over the central parts of England 8
. Others had

put forth this theory in respect to fluviatile, lacustrine, and subaerial phenomena, and

I applied it to the ancient condition of the region in question, when it was permanently

beneath the sea. But still, in common with other geologists, I was unprepared with

adequate data to show how such phenomena could have occurred in our latitudes during

the period before the present, while geological evidence went rather to prove the preva-

lence of a former higher temperature 3
. No one, in short, had then the means of ac-

1 See Macculloch on the Tors of Cornwall, Geol. Trans., Old Series, vol. ii. p. 66.

2 The memoir containing these views was read before the Geological Society, in 1835, and was subsequently

commented upon in Mr. Lyell's Anniversary address, Feb. 1836. (Proceedings of the Geological Society.)

3 The erratic blocks on the surface of the earth are so much larger than any fragments found within the

ancient strata, that some geologists have termed the epoch of their production " the block period," ("Periods

Clysmien" of Brongniart). It is quite manifest that as far as our present evidences teach us, the period n which

these blocks were transported differed essentially from any which preceded it, and the difference can only be well

accounted for by a prodigious change of climate. Geologists, therefore, naturally connect the absence of these
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counting for the existence of ice in such latitudes, except by referring to the great vi-

cissitudes of European climate within the range of modern history. Yet how inade-

blocks in the older strata with the higher temperature which, from other independent reason's also, was then

supposed to exist, and their presence in the modern sera with a diminished temperature. This accordance of

geological data with the result of an icefloe hypothesis is further borne out by modern analogies
; since, as far

as our inquiries go, no far transported large blocks have yet been found on the surface of equatorial regions.

The preceding paragraphs in the text, including the first part of this note, were read to the Geological Society

just as they are printed
; and when I had no hope that the views they contain would have been so well sustained

as they have since been by modern analogies. (See next page.) I still adhere to my belief, that there is yet

no established case of far transported large bowlders in tropical regions ; but from fresh sources of informa-

tion I am led to suppose that the partial discovery of bowlders in such tracts, so far from weakening the icefloe

hypothesis, would almost support it by evidence drawn from existing causes.

In 1 83 6, Captain Octavius V. Harcourt, R.N., returning in the North Star from South America, met with a vast

number of icefloes in the Pacific, in latitude 50°. Some of them were not less in size than two miles square

and 250 to 300 feet above the water. It is remarkable that this phenomenon occurred from 85° west longi-

tude, at a considerable distance from any land, to the meridian of Cape Pillar; while the immediate coasts of

Chiloe and Cape Horn offered no trace of them. The winter was comparatively mild, which might indeed
account for the liberation of such large masses of ice from the South Pole, and their being wafted into seas

usually quite free from them. The number and size of these icefloes were truly astonishing (two of them as

seen for a distance of three to four miles are represented in the wood-cut below), and Captain Harcourt had
the greatest difficulty in so steering, during the long winter moonless nights of 18 hours, as to avoid shipwreck.

Their course seemed to be from south-east to north-west, and they were met with through five degrees of latitude

(50° to 55°), which would be the exact position of England if transferred to the other hemisphere. Their occur-

rence was accompanied by sudden changes of wind and violent tempests. (Abridged from a letter of Captain
Harcourt to myself.)

In the 7th Volume of the Journal of the Royal Geographical Society icefloes are mentioned by Mr. Bennett

(p. 212.) in latitude 47° south, and they have even been met with recently as high as 35° south latitude, the
parallel of Bengal in our hemisphere.

The multitude of these icefloes sailing together for such a great distance from the source of their origin

before they are dissolved, not only teaches us, that any stones of the polar region which they might be trans-

porting, must now form part of submarine deposits, even in intertropical regions, but also explains how a vast

number of such stones might be collocated in one tract very remote from the parent rock, as in the south of

Staffordshire, p. 536 (ante). See Lyell's excellent illustration of this point, Principles of Geology, vol. iv. p. 267.

According to this author the mass of ice below the level of the water in floating islands is seven or eight times
greater than that above, and hence the islands here represented must have had a total altitude of from 2000 to

2500 feet! (See Scoresby's Voyage, p. 233.)

109,

Icefloes in the Pacific, from a drawing by Captain Octavius V. Harcourt, R.N.

3 y



542 TRANSPORTING POWER OF ICE IN THE SOUTHERN HEMISPHERE.

quate was that cause to explain such widely spread effects ! Doubtless, if the pheno-

mena had been rare and confined to one part of Europe, a partial deviation from the

ordinary course of nature might explain it ; but how are we to reconcile the position

of blocks which had been transported from Savoy to the Jura, or from Scandinavia to

the plains of Prussia, with such a method of explanation ? Notwithstanding the at-

tempts to apply the iceberg theory generally in aid of the transport of submarine blocks

(seeing that in northern latitudes it was a vera causa) , still geologists were wholly un-

provided with data to reconcile the former action of ice, in latitudes where it does not

now occur, with a former condition of Europe favourable to tropical productions : and

this argument was vigorously pressed home by the opponents of the theory. In this

state of the subject, Mr. Charles Darwin, who accompanied Captain Fitz Roy during five

years throughout the southern hemisphere, returned to Europe, with the knowledge of

many novel facts bearing upon this and other geological questions. In his journal du-

ring the voyage of the Beagle about to be published, and to some pages of which I have

had access, after giving examples in low latitudes in the southern hemisphere, he fairly

establishes this proposition :—that an equable climate, probably a direct consequence

of a large proportional area of water (a probable condition in the geological case under

review) is at the same time favourable to the presence of tropical productions, and to

a low limit of perpetual snow, and therefore to the descent of glaciers into the sea in

latitudes as low as 46° 40'. (pp. 283—285.) Judging from these examples, he infers,

that the dispersion of floating masses of ice, with included fragments of rocks, descend-

ing from the mountain chains of central Europe, where islands alone formerly prevailed

(the case above supposed), might absolutely have been anticipated to have taken place

during the period before the present. Referring my readers to the original observations

of this clear and powerful reasoner for the details of the phenomena in the southern hemi-

sphere, by which his inferences are supported, I will here quote his principal conclusion,

drawn from the unanswerable facts, which he ingeniously applies to explain the trans-

port of great bowlders.

" The circumstance of a luxuriant vegetation, with a tropical character so largely en-

croaching on the temperate zones, under the same kind of climate that allows of a limit

of perpetual snow of little altitude and consequent descent of the glaciers into the sea

is very important ; because it has been argued, with great apparent truth, that as there

is the strongest presumptive evidence of a gradual cooling down of the climate (or rather

of a less favourable state for tropical productions) in Europe, it is most unphilosophical

to imagine that formerly glaciers could have acted where they do not now occur. It

may be asked, what are the circumstances in the southern hemisphere that produce

such results ? Must we not attribute them to the larger proportional area of water ; and

do not plain geological inferences compel us to allow, that during the epoch anterior to

the present the northern hemisphere more closely approached to that condition than it

now does ? We are all so much better acquainted with the position of places in our
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own than in any other quarter of the globe, that I will recapitulate what is actually

taking place in the southern hemisphere 1

,
only transporting in imagination each part to

a corresponding latitude in the north. On this supposition, in the southern provinces

of France, magnificent forests, entwined by arborescent grapes, and the trees loaded

with parasitical plants, would cover the face of the country. In the latitude of Mont
Blanc, but on an island as far eastward as central Siberia, tree-ferns and parasitical

orchides would thrive amidst the thick woods. Even as far north as central Denmark,

humming-birds might be seen fluttering about delicate flowers, and parrots feeding

amidst the evergreen woods with which the mountains would be clothed down to the

water's edge. Nevertheless, the southern part of Scotland (only removed twice as far

to the westward) would present an island, £ almost wholly covered with everlasting

snow,' and having each bay terminated by ice-cliffs, from which great masses, yearly

detached, would sometimes bear with them fragments of rocks. This island would only

boast of one land bird, a little grass and moss
;
yet in the same latitude the sea might

swarm with living creatures. A chain of mountains, which we will call the Cordillera,

running north and south through the Alps (but having an altitude much inferior to the

latter), would connect them with the central part of Denmark. Along this whole line

nearly every deep sound would end in 'bold and astonishing glaciers.' In the Alps

themselves (with their altitude reduced by about a half) we should find proofs of recent

elevations, and occasionally terrible earthquakes would cause such masses of ice to be

precipitated into the sea, that waves tearing all before them would keep together enor-

mous fragments, and pile them up in the corners of the valleys. At other times,

icebergs, ' charged with no inconsiderable blocks of granite 3
,' would be floated from

the flanks of Mont Blanc, and then stranded on the outlying islands of the Jura. Who
then will deny the possibility of these things having actually taken place in Europe

during a former period, and under circumstances known to be different from the pre-

sent, when on merely looking to the other hemisphere we see they are among the daily

order of events ?" (p. 291 et sea.)

But Mr. Darwin is not satisfied with showing, that the coasts of former European

islands were in all probability the seats of great icebergs ; he pursues his argument

further, and in common with other geologists points out the absence of erratic blocks in

the intertropical regions (where glaciers and icebergs could not have acted) as a corol-

lary of the great geological problem towards solving which he has done so much, by

an appeal to existing nature 3
. The above observations, therefore, show, that there are

conditions in which ice maybe accumulated and become a motive power ; and that such

1 It is in the southern hemisphere that we find elephants, rhinoceroses, hippopotamuses and lions, as far

south as latitude 34° and 35°. In South America the jaguar occurs in 42°, the puma in 53°.

2 Captain P. King, R.N. uses these words when alluding to the case in Sir G. Eyre's Sound, which

Mr. Darwin has more fully described from the information of Mr. Bynoe.

3 See my note on this point, p. 541.

3 y2
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conditions may have existed in our latitudes when there was a very different proportion

between land and water. Following up the important observations of Humboldt and

Lyell, upon the influence of continental masses and great seas upon climate, Mr. Darwin

materially adds to the cumulative proofs, that temperature is not dependent solely upon

latitude.

Thus, the conditions of the difficult problem which we have to solve are now much

more fully brought before us than in any former discussion of the subject. We have

in running water a power, the extent of which has, however, yet to be worked out.

We have also a vera causa in the icefloe, which, it appears to me, goes much further

towards explaining the difficulty, than any hypothesis which has yet been framed ; al-

though it would, perhaps, be premature to assert that it completely settles the question,

still less that such agency can be considered the only one by which bowlders may have

been transported.

It still remains for us to say a few words on the present relative heights at which the

bowlders occur, although, if their deposit by icefloes be admitted, much difficulty is

obviated, as the bottom of a sea in which the bowlders were dropped, may have often

been so full of inequalities, as to present, when desiccated, an outline similar to many

of our undulating and even hilly countries. But the striking and sudden differences of

altitude at which these blocks and shells are found, in the same district, seem to call for

additional explanation. The difference of height between the top of Moel Tryfan,

and the plains of Salop and Cheshire (1400 to 1600 feet), is almost too great to

admit of the supposition that such was the submarine surface. If, indeed, we admit

that in this district, such vast submarine inequalities existed, still we should have to

account for others of much greater amount in foreign countries
1

;
and, therefore, it is

1 Illustrating the apparently inexplicable position of certain bowlders in relation to tbe present outlines of

the earth's surface, I would cite one of many cases which have fallen under my observation in and upon the

flanks of the Alps.

N.

Alps ..
,

och.) HO.

) h

S. Central chain of Alps.

Bavaria.

This wood-cut represents a transverse section across the Tyrolese mountains which flank the valley of the

Inn west of Inspruck. To the south, the older transition rocks (c) are flanked by the granitic nucleus of the

chain (d). To the north are the great masses of limestone (b) (crystalline and dolomitic), which representing

our oolitic series and lias, attain heights of 6000 feet above the sea, and beyond them the lower hills of green

sand (a) and tertiary deposits of Bavaria. In one of the loftiest combs of the Alpine limestone, called Hogel-

poch, considerably above Seefeld, and at a height of at least 3000 feet above the valley of the Inn, is an ac-

cumulation (*) of blocks of gneiss, granite, porphyry, chlorite slate, &c, materials which can have been derived

only from the central mountains (c and d), and from which they are now completely cut off by a deep valley.

My present belief is, that there was a period in which the blocks in the valley and those on the summits of the
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desirable to search for more valid reasons to explain the difference of levels. Geology

furnishes us with these, in teaching us that our present lands have been irregularly raised

from beneath the ocean 1

. Some regions have been heaved up in the form of great pla-

teaux without many breaks ; but the vastly larger proportion of the crust of the globe is

absolutely starred through with rents (many examples have been cited in this work), by

which beds once continuous have been snapped asunder, and subsequently moved up

limestone mountains, were deposited under water in the form of a delta, extending northwards from the central

chain, during the formation of which the blocks overlying the limestone peaks were probably at no very different

level from those now lying on the banks of the Inn.—That after the drift had been so deposited, powerful

movements took place, heaving up the outer shores and raising the pre-existing bottom of the sea, estuary, or

lake (as the case might be) to great heights, the blocks and loose materials being thus left at various elevations,

and in the detached positions in which we now find them. Here, we have no occasion to imagine dislocations,

for they teem in every mass of rock. The chasm in which the Inn flows, is indeed one great line of fault,

and such are the contortions and dismemberments of the whole chain, that throughout more than 50 miles from

east to west, the younger formations are thrown over and appear to dip under the older ! But even with such

evidences of mutation, I confess that in the year 1828, although I then believed that the phenomenon I am

describing, could be explained only by movements of unequal elevation and depression, I was not prepared

to go the length I now do in the solution of this problem, my 'present views being founded on the knowledge,

since acquired in England, of the intermixture of sea shells of unquestionable modern species with erratic blocks.

Now, although the rationale of icefloes, as above propounded, has rendered our appeal to catastrophes un-

called for in many cases, we cannot witness the scenes of dislocation in the Alps, and perceive that they are

accompanied by the lodgement of bowlders derived from the same source at heights so different, without also

employing such evidences of mutation to help us in part to solve these problems. Tf some of the greatest

relative changes between the sea and land have taken place in our island within the modern period, the same

may have also happened at a comparatively recent period in the Alps*.

] I could have strongly illustrated these views by an appeal to evidences of recent elevations of the shores of

South America, but as this inquiry would lead me beyond the limits I have prescribed to myself, I must refer

my readers to Lyell's Principles of Geology, or for details to the works of Mrs. Graham (now Lady Calcott),

Mr. Caldcleugh, Dr. Meyen, and above all to the clear and unanswerable record of that distinguished navigator

and precise observer, Captain Fitz Roy, R.N. In describing the effects of the last earthquake at Concepcion

(Geographical Journal, vol. vi. p. 327.), Captain Fitz Roy has distinctly proved, that the island of Santa Maria

was elevated from 9 to 10 feet, while the rest of the coast on the mainland was only raised from 2 to 4 feet ; and

thus we see that not only in the same epoch, but absolutely during the same minute, recent sea-shells lying in

the same bed were placed at very different levels. This small measure explains the modus operandi as well as

if the scale had been equal to that of the ancient phenomena under consideration.

The reader will have perceived in various parts of this work, that while I rejoice in what I would call the

" Lyellian method" of testing geological phenomena by modern analogies, I do not believe in the doctrine,

that the dislocations of the present day are produced by causes of the same degree of intensity as those of which

geology affords the proofs. I must always be of opinion that, although they may belong to the same class, the

geological catastrophe (such as the overturning of a mountain chain) and modern earthquake cannot be placed

side by side, without our exclaiming " sic parvis componere magna."

* See observations by Professor Sedgwick and myself on the Eastern Alps, Geol. Trans, vol. iii. p. 415. The

bowlders of Hogelpoch were observed by myself in a previous visit, but they form a part of the detritus referred

to in our joint memoir.
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and down to widely different levels. Is it not, therefore, a fair inference, that during

the recent elevation of the continents and islands over which these bowlders are distri-

buted, there must have been movements of very different degrees of intensity, at com-

paratively recent dates, affecting the different portions of the tracts in question ? If

partial elevations at some points and depressions at others, occurred during the desicca-

tion of the bottom of the sea (and it is obvious such changes must have happened),

many of the submarine valleys and hills must have thereby been much modified.

Adhering, therefore, to the prevalent belief of modern geologists, founded on a multi-

tude of well-recorded facts, that the land has been repeatedly elevated and depressed in

relation to the sea level, I confess my inability to imagine how such mutations can

have been accomplished without involving, as a necessary result, the repeated fracturing

of all the subjacent strata. In viewing the present surface, we are not to expect that

the loose materials of the bed of the sea should, when elevated, exhibit lines of fault, as

clearly and neatly defined as those impressed upon the solid strata which support them •

the only memorials we could expect to find of the dismemberment of the loose aggregate,

being what we now witness ;—the separation and removal to various heights of gravel

beds which were once continuous. For we must recollect, that under the view here

adopted, the space between the elevated and stationary parts, or between those elevated

and depressed, would always be exposed to the same action as a sea beach, and there-

fore such portions would be rounded off, and the final result would be the appearance

of a covering spread more or less equably over the whole tract. Such elevations in

throwing off large bodies of water must, it has been shown, have materially aided in the

partial transport of many of the fragments.

Lastly, elevations to the extent we have now supposed, can hardly have affected so

large a portion of our western shores, without producing a great effect on the relations

of land and sea on the other coasts of the island ; and as from collateral evidences we

already know, that great part of our eastern shores was submerged at an equally modern

period, because the same species of sea-shells are there also found in gravel, we may

infer that, by whatever means accomplished, the estuaries of the Humber and the

Thames, and the coasts of Devonshire and Cornwall, were desiccated during the same

period as the plains of Shropshire and the estuaries of the Mersey and the Severn 1

,

1 See a memoir by Professor Sedgwick and myself on the raised beaches of Devon and Cornwall, Geological

Proceedings, vol. ii. p. 441. Similar raised beaches, inclosing sea-shells of existing species, have been observed

at various points along the eastern shores. See memoirs by Mr. W. Hamilton on the shores of Fife, Geological

Proceedings, vol. ii. p. 180. ;
by Mr. Prestwich on the shores of Banffshire, Geological Transactions, vol. v,

p. 139.; by Professor Phillips on the coast of Yorkshire; and by Mr. Smith, of Jordan Hill, Geol. Pro-

ceedings, vol. ii. p. 427., on the western shores of Scotland. The last-mentioned gentleman has very much

enlarged our knowledge of this subject by very extensive collections and accurate determination of the

speeies of shells. I may also mention a raised beach at Cranfield Point near Carlingford, Ireland, observed

by Professor Sedgwick and myself, in company with Mr. Hamilton and Mr. W. D. Hull, in the summer of

1835, as its component parts and general aspect much too closely resemble the coarse and fine accumulations
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These great mutations are, therefore, appealed to as the cause, by which in raising up

large submarine tracts and uniting islands into continents, the climate of our region

has been materially changed ; while they satisfactorily explain to us why the agency

now at work around us differs in so many respects from that of the period which pre-

ceded our own.

of Lancashire, Cheshire, and Shropshire to be passed by without notice on this occasion, particularly as this

part of the coast of Ireland is precisely in the same latitude as the Cheshire and Salopian detritus.

111.

Sea level.

a and b. Vegetable mould, sand, and gravel, with shells similar to those found in the adjoining sea—18 feet above high

water mark. The pebbles resemble shingle, c. Clay, with occasional coarse fragments of porphyry, limestone, granite, &c.

d. Gravel as above repeated.

The late Major Patrickson described this raised beach in a memoir read before the Geological Society of

Dublin. Similar beds of recent marine gravel have been observed in different parts of Ireland by Griffith and

other observers.

[After the proof sheet of this chapter had passed from my hands, Mr. Lyell sent to me a letter from Capt.

Bayfield, R.N. (now employed in surveying the coasts and rivers of our North American colonies), which so

powerfully sustains the views I have adopted, concerning the transport of bowlders by ice, that an extract from

this instructive and interesting letter will be printed in the Appendix.]



CHAPTER XL

SUPERFICIAL DEPOSITS {continued).

Early condition of the surface after elevation from beneath the sea.—Lacustrine

and broad river period.—Passage to present condition.—Remains of extinct

species of quadrupeds.—Ancient river deposits.

WE have now to ascertain the changes which the surface has undergone since large

masses of land were raised from beneath the sea. In this inquiry I shall endeavour to

explain first, the transition from ancient to modern phenomena, showing why the latter

must have mainly resulted from the former, in consequence of alterations in the relative

level of land and water ; and secondly, the modern terrestrial changes and accumula-

tions. In this attempt to connect in one series the operations which took place during

an early condition of the surface with that which now prevails, the following subjects

will be successively examined in this and the subsequent chapter. 1st. The early con-

dition of Siluria shortly after its emersion from the sea, when that region must, it is

supposed, have been in great part irrigated by lakes and broad rivers. 2ndly. How such

great water courses have been diminished. Srdly. The proofs that Siluria on the one

hand, and parts of England on the other, were inhabited by early races of quadrupeds.

4thly. The desiccation of lakes and turbaries within the historic sera. 5thly. The

modern action of rivers. 6thly. The periodical floods of sand, and effects of great

storms, &c. 7thly. Terrestrial accumulations, such as shell marl, travertine, &c.

In this chapter the reader must figure to himself the condition of the surface, imme-

diately after the rise of the land from beneath the sea, when large hollows were occupied

by water which has been subsequently let off by transverse gorges, and the lowering

of the river-courses to their present levels
1

.

1 In speaking of lakes I make an application of the term which some geologists may perhaps disapprove

of, seeing that no zoological proofs of lacustrine deposits are brought forward. Still as the occurrence of

fine silt and sand in embayed flats, thus distinguished from the coarse drift before described, can in no way

be explained, except by the tranquil occupation of water, I am compelled to believe that in the intermediate

period between the elevation of the bottom of the ancient sea and the establishment of the present drainage,

such tracts were in fact lakes, which have since been let off.
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On the earliest jluvio-lacustrine deposits of the present surface.

The Silurian region contains many low flats, so equally and horizontally spread over

with fine sand, silt, and flattened shingle, and so surrounded hy hills, as to induce the

belief, that they have been occupied by water since the land assumed its present con-

figuration. The triangular valley extending from Wigmore to the escarpments of the

Ludlow promontory, and called the Wigmore Lake (see p. 238.), is a good example.

It is bounded by the hills of Brindgwood Chase on the north, by those of Croft and

the Vinnals on the east and south-east, and by Wigmore Rolls upon the west. Only a

sluggish rivulet now drains the surplus water and conveys it to the Teme. This river,

after meandering in an alluvial flat (Leintwardine bottoms) , connected with the north-

western extremity of Wigmore Lake, escapes to the plain of Ludlow through the deep

transverse gorge of Downton on the Rock. If this fissure were suddenly dammed up,

the waters of the Teme would overflow the whole of the low country, including the

triangular space of Wigmore Lake. The fine silt and sand even now adhering to its

sides, at Leinthall Starkes and Elton, indicate that water must for a long time have

occupied this cavity
1

. In Leintwardine Bottoms we find a top layer of good brown

loam, covering sandy and argillaceous earth, and passing downwards into a stiff silt,

sometimes containing leaves and sticks, while beneath this and six feet below the sur-

face, is a fine gravel of a lacustrine character, and the lowest stratum is a running

sand in which water rises. The real subsoil of all this low tract is the Wenlock shale,

which, where not covered with the above alluvial sediment, disintegrates to a most

unmanageable clay
2

. On first inspecting the physical features of the district it might

appear, that ancient currents must have passed from this depression, through the

transverse valley in which the river Lugg escapes by Aymestry into the plain of Old

Red Sandstone ; the land between Wigmore and Aymestry being encumbered with

hillocks of coarse drift, made up of fragments of all the adjacent rocks and deposited

at different levels. Now, in all probability the violent operations which upheaved the

Ludlow promontory from beneath the sea, and threw it into an anticlinal form, produced

1 It has before been shown that this valley is one of elevation, and it is also one of denudation, for no loose

materials belonging to the rocks which form its sides are to be found within it. Unlike, however, the valleys

of Woolhope, p. 436, and of Prescoed, near Usk, p. 441, this hollow is open on one side, namely, the north,

west, or the quarter whence the ancient marine drift of this region has been shown to proceed; and hence,

as might be expected, a few bowlders and fragments of the rocks of the Caradoc and Longmynd, are to be

seen on the face of a rising ground near the centre of the denudation.
2 To the north-west of Leintwardine, the valley of Clungunford connected with this depression of Wigmore

by that of Leintwardine, lies at a higher level, and is filled with much local detritus, sometimes arranged in the

following descending order : coarse gravel with bowlders of the adjoining rocks 10 feet; sand 4 feet; clay depth

unknown.
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the gorge of Aymestry, and at the same time choaked it tip with this coarse detritus,

which was thus one of the immediate causes of the formation of the Wigmore Lake.

The Lugg prevented by the escarpments near Lingen from continuing its south-

easterly course is, indeed, deflected to the E.N.E. until it reaches the Aymestry gorge,

through which it escapes into the plains of Herefordshire ; while it is completely cut off

from all communication with the Wigmore Lake by the high mounds of ancient gravel

above adverted to, and also by the undulating form of the subsoil. Not so with the

Teme, for the same movements of elevation which raised the Ludlow promontory, and

heaped up the detritus in the gorge of the Lugg, doubtless also produced the fissure

by which the Teme issues into the low country ;
leaving it, however, unencumbered

by any coarse drift. This fissure, which in earlier days, could with difficulty have af-

forded a passage to its waters, must (judging from the present rapidity of this river in

floods,) have been subsequently so much deepened, as to complete the drainage of

Wigmore Lake and Leintwardine Bottoms. Of this, indeed, there can be little doubt,

since it is well known that within the period of history a large portion of the " Wigmore

Lake" (the name by which it is still known) was a mere profitless marsh, the super-

fluous waters of which have since been drained off through the channel of the Teme.

In its course to the east, the Teme offers another example of having been barred up,

and of having given rise to a lake, lower than that of Wigmore. To the east of the town of

Tenbury, finely laminated alluvia form low terraces, about twenty feet above the present

bed of the river. These materials appear to have been accumulated under tranquil water,

and the form of the depression supports the hypothesis ; for the whole of the valley

between Tenbury and the Abberley Hills, might even now be suddenly converted into

a lake, by merely shutting up the gorge of Knightford Bridge, the only transverse

fissure in the chain of Silurian hills extending from Malvern to Abberley, through

which the waters of the north-west part of Worcestershire and the north-east of Here-

fordshire can find their way into the valley of the Severn. (See Map.)

It is to be presumed, indeed, that many of the rivers which now pass through gorges

to the south-east, from the Welsh mountains on the north-west, must, when fiuviatile

action commenced, have been flooded back, and have caused lakes ; for we cannot

examine the finer detritus spread over the flats and basin-shaped cavities in which the

Wye, the Onny, or the Lugg meander, without attempting to explain the phenomena

in this manner. The low lands around the town of Hereford, particularly where the

Lugg empties itself into the Wye, offer one of the clearest examples in the drainage

of this region, where such sheets of water must have had a character intermediate

between fiuviatile and lacustrine. Deep red silt and clay, the detritus of the marl of

the Old Red System, here constitute to a great depth a wide area of low and fertile land.

That this sediment was carried down during many ages by the Lugg, may be well ima-

gined on inspecting that red and turbid stream, when flooded. It empties itself into

the Wye at so low a level, that when swollen by heavy rains, the great volume of its
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waters is ponded back, and spreads over the low lands between Stoke Edith and Here-

ford, and thus presents an exact picture of that state of things, which must have had a

long continuance in the earlier periods of the existing surface, before the channels near

the mouths of the rivers were sufficiently deepened to afford an easy exit to their waters.

The whole extent, indeed, of the flat country of the Wye around Hereford affords strong

evidence, that there was a period when the waters of the river, being partially dammed

up, produced a lake of great magnitude, which can have been reduced to a simple river

only, by the deepening of the gorges between Ross and Chepstow.

Besides these evidences of lacustrine and broad river accumulations in Herefordshire,

and the adjacent parts of Salop and Worcester, the more mountainous regions of the

Welsh borders present many deposits of fine silt and shingle, the nature of which seems

to be best explained, by supposing the cavities in which they occur to have been occu-

pied by water, which was little agitated during long periods. In the vale of Radnor, for

example, there is now only an insignificant rivulet; yet its level surface, and the character

of its alluvium indicate, that it was long submerged. The appearances in the embayed

flat around the town of Presteign would also induce us to suppose, that the fine debris

with which it is strewed, was similarly accumulated. The Vale of Montgomery, though

encumbered in parts by coarse detritus from the adjoining hills, may also in great measure

have been covered with its present alluvium, by lacustrine waters collected from the

want of a ready egress of the Severn to the north, or of the Onny to the south-east
1

.

There are strong evidences, indeed, of a lacustrine deposit in a depression connected

with the Vale of Montgomery, and between the Long Mountain and the Cornden Hills,

filled as it is by a dense and deep clay with partial peat bogs, from which large trees

have been extracted. The drainage of this tract is now effected by the Camlet, a

sluggish, small stream, which, rising in the Shelve Hills, descends into the vale of

Bishop's Castle, where it divides ; the principal branch the Onny, running eastward

in the direction of the main or coarse gravel drift ; the other, bending back as it were

upon its former course, flows to the N.N.W. in a deep and narrow ravine called

Marrington Dingle 2
: it is afterwards deflected to the south and west by a low barrier,

1 The basin-shaped form of the Vale of Montgomery and other similar depressions in Silurian shale or

mudstone, have led some persons to imagine that they might contain coal; and Mr. More of Linley bored many
yards through the superficial detritus between Bishop's Castle and Norbury. I need not here repeat, that there

is not the slightest chance of ever finding coal in the Silurian rocks, and therefore to penetrate gravel, merely

to reach such rocks, is indeed labour thrown away. (See pp. 328, 411 and 488.)

9 The course of the Camlet through the fissure of Marrington Dingle, in a direction precisely the reverse of

the ancient lines of drainage, is a very striking proof of how this stream has taken advantage of one of the last

formed rents and depressions by which the surface has been modified. In following the thickly wooded banks of

this little stream from Church Stoke to the north-west, the traveller, who merely hears the gurgling of the

water, is impressed with the belief that he is ascending to its source, while in reality he is descending towards

its mouth. This deception is produced by the partial rise of the hills towards the north-west, though the

bottom of the valley really deepens in that direction. This added to the known fact, that the great drainage of
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and is forced to pass round the southern extremity of the Long Mountain, before it can

unite with the Severn near Welsh Pool. The fact of this sluggish stream, thus feebly

wandering, at a very slight inclination, in a country considerably above the sea, points

out that a change of level, of a few feet only, must have drained the whole of the ad-

jacent low countries from a cover of water j and this view is supported by the fine

character of the debris in the Vale of Montgomery, it being very distinct from that of

the coarse detritus which has been thrown off the flanks of the adjacent volcanic region

of the Cornden Hills.

Sufficient evidence has now, I hope, been produced to satisfy the reader ;— 1st. That

the largest accumulations of gravel throughout this region were formed beneath the sea.

2ndly. That after the earliest desiccation of the submarine surface, the newly raised

land was, for a long time, in an intermediate state, and in a great measure watered by

lakes and broad rivers. 3rdly. That in consequence of successive upheavings of the

land, the transverse gorges and fissures have been deepened, by which large volumes of

water have been let off; and, lastly, that the sea being further removed by each move-

ment of elevation, former estuaries were desiccated, previous strings of lakes reduced to

the mere rivers of our day, and the direction of some of the early river courses changed.

This view will be further illustrated and sustained by a consideration of the remains

of extinct species of quadrupeds which are found in the gravel and in clefts and

caverns.

On the presence of the Bones of Quadrupeds of extinct species in Siluria.

Among the various methods of establishing the early existence of dry land, none

is more effective than the presence of the remains of terrestrial animals of species now

extinct. If, as in the present case, such evidence be combined with that of the former

existence of lakes, their desiccation, the subsequent deepening of river beds, and the

formation of river shingle and gravel during long periods, the proofs are complete 1
.

the region is to the south-east, has led the country people to say that " the Camlet is the only river in Shrop-

shire which runs up hill."

1 A good example of caves, containing bones of extinct quadrupeds in North Wales, was pointed out by the

Rev. Edward Stanley, now Bishop of Norwich. (See Proceedings of the Geological Society, vol. 1. p. 402.)

These caves occur in the carboniferous limestone of Cefn, in Denbighshire, at a height of about 100 feet above

the present drainage of the country. The remains consist of a humerus of a Rhinoceros, a tooth of a Hycena,

and other fragments, and they were covered by and immersed in calcareous loam, containing also a few angular

fragments of limestone. Beneath them, and under what the author considered to be the floor of the cave, was

another deposit, differing from that above, in containing also fragments of bones and rounded pebbles of old rocks.

The evidence which has yet been produced appears to me scarcely adequate to sustain the inference that the

cave was inhabited, though it affords satisfactory proof that such wild animals then existed in an adjacent

region. It may be objected, that as gravel containing recent species of sea shells (the northern drift) has been

found upon the high ground above the cave, that this district may have been inundated by a marine drift, after
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Till very recently there was no good evidence of the remains of extinct quadrupeds in

Siluria. This may be attributed to the country having been little explored ; for as the

bones of such animals had been found, near Worcester, in gravel partly derived from the

rocks of this region, there could be little doubt that places of accidental sepulture would

eventually be detected. Such has proved to be the case. Dr. Lloyd, of Ludlow, re-

cently communicated to me the discovery of a large accumulation in a cleft of the

Ludlow formation at Alden, near the View Edge, and during the last summer I ac-

companied him to the spot. The bones in question occur in fissures of the Aymestry

limestone, which are nothing more or less than the vertical joints of that rock, irregularly

opened out by ancient disturbance of the beds 1

. (See p. 243.) These jointed rocks form

the eastern side of a deep comb, the higher parts of which are occupied by the Upper

LudlowRock, the lower by the Aymestry limestone, which, where it contains the bones, is

about 40 feet above the little brook that waters the valley. In extracting the limestone

for use, these fissures were perceived to be filled with calcareo-argillaceous cement of a

whitish colour, like hardened mortar, in which remains of animals have been, from time

to time, detected, including stags' horns and bones of great size. In clearing away the

limestone a large part of the principal fissure has been obliterated, and most of the

bones first discovered have been lost. Through the zeal, however, of Dr. Lloyd and

Mr. Duppa Lloyd, other remains have recently been collected, which sufficiently prove

the character of the accumulation ; for not only have bones of deer and ox been found,

but also a perfect tooth of a hycena, and the femur of a rhinoceros, together with several

small bones which have not been determined. I will not here enter further into the

difficult question of how these bones can have been lodged in such quantities in par-

it was dry land. So far from seeing any reason to adopt this view, the evidence would lead me to a directly

opposite conclusion; for even if the cave were proved to have been inhabited, there can be no doubt that its tenancy

took place after the elevation of the bottom of the sea containing the northern drift. All the physical features

agree with this view. They lead us to suppose, that the Vale of Cyffredan, over which the caves impend,

was one of those deep inequalities formed during the period when the whole tract was submarine; and that

when the bottom of the sea was elevated, this vale might for a long time have been left in the condition of a

lake, the waters of which first reaching to the level of the caves might have been afterwards let off by the

opening out of the gorges, and the gradual lowering of the water courses, in the same manner as we have de-

scribed throughout Siluria. In this way, the coarse gravel at the bottom of the cave may have been either the

residue of part of a previous drift, when the tract was submarine, or deposited by a subsiding lake ; while the

calcareous loam in which the bones are imbedded, may have simply resulted from the disintegration of the

rocks on the side of the fissures leading to this cavern, and by the action of atmospheric causes.

If the Cefn caves were situated within the Silurian region, I should have entered at greater length into their

description, explaining them by a wood- cut, taken from one of the beautiful sketches with which Mrs. Stanley

illustrated the memoir of the Bishop of Norwich.

1 In speaking of the position of the beds it should be stated that they dip into the valley at a slight angle,

and hence may have been moved in the manner formerly described (p. 248.). From the position, however,

and different inclination of the strata on its opposite sides, it is evident that this comb has been affected by
some of the great dislocations which resulted from the heaving up of the Ludlow and adjacent promontories.
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ticular clefts of the rock
1

, but I pass on with the remark, that this example in the very

heart of Siluria, is all that can be desired to prove, that like other parts of England,

this tract was inhabited by wild animals whose species are now extinct
2

. I would

further observe, that there are also true caverns, in which the remains of extinct animals

may probably hereafter be found, such as Ippikin's Rock 3
, in Wenlock Edge (p. 212.),

the great cavern of the Nash Scar Limestone, near Presteign (p. 314 and note).

That quadrupeds of extinct species inhabited this region, is further proved by the

contents of certain gravel heaps on its eastern limits. In a pit south of Eastnor Castle,

where the fragments consist exclusively of Silurian rocks and syenite of the adjacent hills,

the remains of the elephant and other animals have been found ; and at Fleet's Bank,

near Sandlin, the bones of the rhinoceros and ox4
. The first-mentioned locality is in

the midst of a Silurian group of rocks, the other at the foot of the eastern slope of the

Caradoc sandstone of Old Storridge Hill, and about 50 feet above a little stream.

At both places the gravel is exclusively derived from rocks in the immediate vicinity

;

and as neither deposit contains a fragment of far transported rock, we have a right

to infer, that certain extinct species of elephant, rhinoceros, ox, and deer, for-

merly ranged over Siluria. The bones of the same animals are also found at Powick,

Bromwich Hill, and other places near the town of Worcester, amid similar local detritus,

mixed with a considerable proportion of the northern drift, together with the sea shells

of existing species to which we have before alluded. There can, consequently, be little

doubt that while Siluria, as before inferred, was above the sea, and a portion of the

valley of the Severn was under it, the adjacent lands were inhabited by quadrupeds of

extinct species, whose remains have in some cases been preserved in purely local,

rluviatile and lacustrine deposits, and in others were the marine accumulations of the

strait or estuary into which they had been drifted.

Remains of extinct species of Quadrupeds in ancient fluviatile deposits.

Having shown that the western shore of the submarine tract of the Vale of Worcester

was formed by the Abberley and Malvern Hills, we have now to offer still more con-

vincing proofs of the existence of land upon the east, by pointing out a local drift,

1 See Dr. Buckland's ingenious explanation of such collections of bones, Reliq. Diluv. p. 56., and Bridgew.

Treat, vol. i. p. 94. ; De la Beche's Geol. Man. p. 201, &c.

2 The Rev. T. T. Lewis procured the femur of a stag from the gravel of Leominster.

3 My young friend Mr. Evans, of Kingsland, partially examined, at my request, the cavern at Ippikin's Rock

;

but although he found in it layers of alluvial deposit, he did not detect organic remains. He was, however,

unprovided with sufficient assistance to make that thorough examination, which will I trust be completed,

through the labours of the Ludlow Natural History Society, the nearest scientific body to the spot in question,

* The latter were found by Mr. J. Allies, who has also collected the bones of the horse, rhinoceros,

elephant, &c. at Powick, and those of a rhinoceros at Bromwich Hill, near Worcester.
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which having proceeded from the E.N.E., is exclusively charged with terrestrial and

fluviatile remains.

Mr. H. E. Strickland is the discoverer of these ancient fluviatile deposits, which

extend from Warwickshire into the valley of the Severn, near Tewkesbury. He has

found the remains of twenty-four species of fluviatile shells, three of which are con-

sidered to be extinct, and the bones of several species of extinct quadrupeds in the

gravel of the valley of the Avon, an eastern tributary of the Severn. (See Geol. Proc.

v. ii. p. 111.) Let us now see whether this phenomenon be reconcileable with the view

here given, of the comparatively recent period at which the valley of the Severn is sup-

posed to have lain under the sea. The accumulations at and near Cropthorn constitute

terrace-like hillocks, from one to four miles distant from the present bed of the Avon,

above which their summits rise to a height of forty to fifty feet. Mr. Strickland has traced

these accumulations, which he first termed "fluviatile diluvium," at intervals from Law-

ford in Warwickshire, to Defford in Worcestershire, and he has proved that they follow

more or less the course of the present Avon from north-east to south-west. I refer to his

interesting paper, shortly I hope to be published at length, for the details presented at dif-

ferent localities, it being sufficient for the present purpose to state the general results
1

.

v. r. denotes very rare ; r. rare ; c. common.

Aquatic.

12. Planorbis complanatus r.

13. lateralis (Strickland) c.

1 The following is a list of the shells found here.

Terrestrial.

1 . Helix virgata v. r.

2. pulchella r.

3. Pupa marginata .„ r.

4. pygmaea v. r.

5 . Succinea amphibia r.

Aquatic.

6. Lymncea palustris v. r.

7. fossaria r.

8. peregra r.

9. cunicularia v. r.

10. Planorbis nautileus v. r.

11. Planorbis vortex r.

The valves of a Cypris also occur.

The Paludina minuta, Planorbis lateralis, and Unio antiquior, appearing to be extinct species, have been named
and described by Mr. Strickland : all the others are existing and indigenous to Britain.

The bone3 which occurred here belong to the following animals :

1. Hippopotamus. -\

2. Bos Urus.

3. Cervus. ^All of extinct species.

4. Canis.

5. Ursus.

The parts of these accumulations which Mr. Strickland has traced for many miles into the upper parts of
Warwickshire must doubtlessly have been of purely fluviatile origin.

14. Ancylus lacustris v. r.

15. fluviatilis « v. r.

16. Valvata fontinalis c.

17. Paludina tentaculata c.

18. Paludina minuta (Strickland) r.

19. Cyclas Henslowana c.

20. amnica c.

21. cornea c.

22. Anodon anatinus ,, c.

23. Unio ovalis (Fleming) c.

24. antiquior (Strickland) r.
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I examined in company with him two of the sections to which he refers. The clearest

of these is at Bricklehampton Bank, near Cropthorn on the Avon, where about 20 feet

of this detrital matter is arranged in the following manner resting upon the lias clay.

Upper portion, stiff reddish clay with a few pebbles ; the central also argillaceous but more marly, of green and purple

colours, with some yellow sand and occasional irregular laminae of marl ;
lowest, sand and gravel confusedly mixed up

with lumps of marl, pebbles of quartz (some 5 to 6 inches in diameter), broken chalk flints, much detritus of the lias, and

very rarely a fragment of oolite.

Many of the delicate shells mentioned in Mr. Strickland's list, were found from the

top to the bottom of this varied, and almost coarse drift ;
being just as abundant in the

underlying gravel as in the overlying marl and clay. The bones of the quadrupeds oc-

curred also through the mass, though they were most abundant in the lower part. The

discovery of these fragile shells, perfectly preserved in beds of such coarse and irre-

gularly formed detritus, is of importance, as it proves that much of the gravel to which

the term " diluvium" has been applied, may have been deposited by rivers.

It is thus evident, that these fluviatile materials were drifted by a river which flowed

through dry land on the E.N.E. into the channel or estuary so often mentioned ; and it

is therefore probable, that they were sometimes transported beyond the mouth of the

ancient Avon, and deposited in shoals or banks beneath the waters of the channel.

The bones of extinct quadrupeds, already noticed as occurring on the western or op-

posite side of the valley of the Severn, at Powick and Bromwich Hill near Worcester,

and at Fleet Bank near Sandlin 1

, were probably at once washed into the ancient estuary

from the adjoining hills by sudden and local floods, as they are not imbedded in debris

similar to that of the Avon. The physical features of the country marked by the narrow

ridge of the Malverns impending over the valley, account, indeed, for the non-existence

of former rivers, and consequently of fluviatile shells in this direction.

But were all these extinct terrestrial remains deposited in gravel when the marine

shells were living in the sea ? In answering this question it might be argued, that the

great mass of the fluviatile and land shells are of existing species, and that the few

which are supposed to be lost, may possibly still exist and have escaped the research of

naturalists. On the other hand it might be said, though all the marine shells we have

yet discovered associated with northern drift, appear to belong to existing species, other

shells may yet be found which are extinct. The sea shells of the marine drift, and the

fluviatile shells of the Cropthorn gravel, may therefore have coexisted. But are we to

explain this Avon deposit by the hypothesis of pure fluviatile action, after the bed of the

adjacent straits had been partially raised, or shall we suppose that the marine gravel

on the adjoining hillocks, formed the shallow subaqueous banks of an estuary through

which the mouth of the Avon then found its way to the sea ? Adopting the first of these

1 Through the kindness of the members of the Worcestershire Natural History Society, I procured a large

suite of the animal remains found in these localities, and submitted it to Mr. Clift, Curator of the Museums

of the Royal College of Surgeons, who informs me, that the bones belong to extinct species of hippopotamus,

rhinoceros, elephant, stag and ox.
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hypotheses, Mr. Strickland supposes, that after those parts of Worcestershire and War-

wickshire before described had been long under the sea, an elevation of some hundred

feet converted them into dry land, and that a river or chain of lakes then descending

from the north-east, re-arranged much of the desiccated gravel of the northern drift,

disposing it in thin strata, and imbedding in it the shells of mollusks and the bones of

quadrupeds. This river, it is presumed, may have extended as far as Tewkesbury, and

there emptied itself into the marine strait, which Mr. Strickland, agreeing with me, be-

lieves to have then occupied the lowest portion of the Vale of Worcester. A final eleva-

tion of the land to the amount of 60 or 80 feet is presumed to have reduced the Bristol

Channel to its present form • and by this rise the fall between Warwickshire and the sea

being increased, the Avon is supposed to have acquired a velocity adequate to carve

out its bed to the present level, leaving its ancient detritus at heights of from 30 to 40

feet above the present stream. Although I at first held an opinion somewhat different,

founded upon the apparent higher antiquity of the quadrupeds whose remains are im-

bedded in the Avon deposit, I am now convinced that the fluviatile hypothesis suggested

by Mr. Strickland (the same as that by which Mr. Lyell accounts for the formation of the

" loess" of the Rhine,) explains naturally and simply the relations of the terrestrial and

fluviatile deposits of the Avon to the marine gravel.

Interesting as these conclusions are, it would be wrong to generalize from the facts

on which they are based, by supposing that bones of extinct quadrupeds are only to be

found in association with terrestrial and fresh-water remains. For although as a neces-

sary result of the early configuration of the land, such collocations must have frequently

occurred, many of the examples of the so-called diluvial accumulations, doubtless origi-

nally washed down by rivers, must, as above stated, have been often drifted far beyond

their mouths to form deltas under the sea. In this way only can we satisfactorily account

for the presence of the remains of extinct quadrupeds in the gravel of other parts of our

island, associated as they often are with marine shells of existing species.



Modern Travertine of the 11 Southstone Bock," Worcestershire, from a drawing by Mrs. Murchison.

CHAPTER XLI.

SUPERFICIAL ACCUMULATIONS (concluded).

Terrestrial changes within the modern sera. Desiccation of lakes and turbaries.

—Modern action of rivers.—Accumulations of blown sand.—Exposure of sub-

mergedforests.—Formation of shell marl and travertine.

Desiccation of Lakes and Turbaries.

In the previous chapter it has been explained how certain lakes may have been drained

during periods antecedent to our records, though some of these bodies of water, as the

Wigmore Lake, appear to have been desiccated within the range of tradition. We shall

now treat exclusively of those operations which are entirely modern. It has been shown,

that the highest land occupied by the marine gravel, containing sea shells of existing

species, ranges from Marrington Green, north-west of Shrewsbury, to Ashley Heath, in

Staffordshire, and varies in height from 500 to 800 feet above the sea. From this cul-

minating crest, the present streams descend northwards into the estuary of the Dee and

Mersey, and southwards into that of the Severn. Now, as many of the minor streams

which rise in this crest, had a long way to flow with only a slight descent, it necessarily

happened, that in the early periods of our sera numerous lakes and stagnant pools were

formed in a surface which was then intersected with irregular depressions. Some of
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these cavities having been gradually filled with silt, have become turbaries, and others

cultivated land.

The most superficial examination of North Salop and Cheshire affords abundant

evidence of these modern operations, and shows that large tracts, formerly occupied by
sheets of water, have been drained, and converted into turbaries and mosses resting upon
sand and gravel. That many of these turbaries were anciently lakes, or marshy wood-

lands, is completely proved by their contents. In the great Whixall Moss, between

Prees and Ellesmere, which is even now impassable in many parts, dogs having been

there lost in the pursuit of game, are found vast numbers of prostrate oak, birch, and fir

trees, with fir-cones, generally in good preservation 1

.

Wherever the descent is adequate, these lakes, after having been marshy woodlands

and mosses, have in many places been brought into cultivation. A good example of

this process is seen between the towns of Wellington and Newport, and is known under

the name of the £C Wild or Weald Moors." I am indebted to Mr. T, Eyton for di-

recting my attention to this district, and for pointing out to me a short account of it by

the Rev. G. Plaxton^ who was incumbent of the parish of Kinnardsey, in the year 1673.

Much of the surface of the " Wild Moors," (now arable land) was then an impassable

bog, and the author inferred, that at no distant period, the whole tract was a marsh,

except those places which having the word " Ey" affixed to their names, appear to have

been islands. Thus we have Eyton (or the town surrounded by water)
,
Kinnardsey (Kin-

nard's Island) . In proof of a large portion of this tract having once been a forest, after-

wards a peat bog, Mr. Plaxton cites the existence of large trees at various spots, in which

(as may be now observed in Ireland) the peat had shrunk and left them standing " as

if on high stilts
2
," whilst he states that the fibrous and decomposed materials of which

large portions of the surface were composed, exactly resembled that " sludge or refuse

which floods would leave upon the ground." (Phil. Trans. 1707.)

Mr. Eyton, sen., pursues his conjectures further, and conceives that the "Wild
Moors " were not merely marshes occasionally flooded, but in more remote periods

were constantly covered by water. This he infers, 1 . From the names of all the places

in which the New Red Sandstone rises up as islands through the moory surface,

containing the syllable "Ey" (water). 2ndly. From the point where the surface of

the moors or supposed lakes decrease in breadth being called Longford, indicating a

communication between the opposite banks. 3rdly. From the adjoining town being

called Newport 3

,
implying a site to which the lake was once navigable, and to which

1 The Rev. Thomas Egerton informs me, that this moss having been cut into to a depth of 40 feet near its

edge, many of these trees were found, and that the bottom of the accumulation was white and grey sand.
2 To any one acquainted with the bogs of Ireland such appearances are familiar. "We may, indeed, account

for the shoots of trees being found in peat, by supposing that when the lakes were drained, certain islets upon
which trees grew, subsided during the general desiccation, and became merged in the bog.

3 Port is sometimes used for gate (Scotland). Is the etymology in the text conclusive ?—R. I. M.

4 a 2
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intercourse might have been carried on from the islands and adjoining country. This

speculation is apparently confirmed by the composition of the peaty soil, and from

its lying in a hollow upon gravel, supposed to have been the bottom of the ancient

lake. It is further imagined, that, in former times, this lake discharged its waters

into the river Tern, near Slean, and was converted into a peat bog by the bursting

of a dam, near Longdon upon Tern, where considerable heaps of gravel attest the

probability of such an operation. These tracts, after passing through a condition

of bog or peat moss, were gradually consolidated, and then became a waste, which

from ancient records, is known to have constituted part of the " Vasta Regalia," or

Royal Forest
1

, which included the Wrekin and the wild, or weald (woody) moors.

In corroboration of these views it may be stated, that stags' horns (Cervus Elaphus)

with freshwater shells and arrow heads, have frequently been found in the peat. These

speculations and the data on which they are founded seem to afford a good explanation

of the process by which many similar tracts in Lancashire, Cheshire, and the central

counties may have been drained.

Whilst we thus trace the natural progress from lakes into bogs with forests, and from

these into land in its actual state, we are entitled to speculate on a more ancient ter-,

restrial condition, yet still subsequent to the last great elevations of the land from be-

neath the sea, when the fossil elk of Ireland and other gigantic animals of lost species

were in existence ; for although we have not yet heard of these remains being found in

Shropshire (where after all little search has been made to detect them), it is certain that

such have been discovered in the low parts of Lancashire, &c, tracts which we have

shown to have been laid dry at the same period with those the nature of which we have

been considering
9

.

If the careful examination of such districts conducts the historical inquirer back to

the period immediately preceding the present, the geologist easily transports himself to

remoter conditions of dry land, when the mammoth, hippopotamus, rhinoceros, hyama,

and other wild animals of species now extinct, inhabited the regions, which were then

dry.

" cumque

Rara per ignotos errent animalia montes."

Tracing the inquiry still further back, he discovers in the newer tertiary deposits, but

formed long anterior to our sera, the remains of mammalia still more distinct from those

of our own epoch, such as the Mastodon, and proves a yet more ancient condition of

» Sir Humphrey de Eyton was ranger of this forest in 1390.

It has been stated that portions of the Gigantic Elk, Cervus giganteus (Cuvier), have been found in the

gravel in the low flat of Awre, near Purton Passage, where the Severn is fast passing into an estuary. I am

not aware that this is correct, for in a list of remains found in this alluvium given by the Rev. C. Pleydell,

Quarterly Journal of Science, January, 1830; the animal remains, with the exception of fossils of has and

adjacent rocks, would appear to belong to existing species of deer, horse, hog, &c.
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things. Again receding to a remoter period, he detects in the bones of singular crea-

tures, somewhat analogous to, though very different from the modern tapir, named by

Cuvier, Palceotlieria and Anoplotheria, undoubted proofs of dry land and lacustrine ac-

cumulations ; and thus our science enables us to take an analytical view of bygone

periods, each sera being distinctly characterized by the monuments which it has left

for our examination.

Modern action of rivers.—Although on a much smaller scale than in more mountain-

ous countries where streams descend rapidly to the plains, there are several good ex-

amples in this region of the erosive fluviatile process, showing, 1st. That where the

rivers descend from high grounds they have worn their way through pre-existing shingle

banks of an earlier period. 2ndly. That though the rivers have not formed the gorges

through which they pass, yet they have partially deepened their beds by the attrition

of the materials which they have hurried on. 3rdly. That they have formed deltas both

along their course and at their mouths.

If, however, we observe the feeble efforts which all the Silurian rivers now make
in their passage through the plains, and see that they there merely re-arrange a few ma-
terials distributed by former action of water, and occasionally make slight changes in their

beds, we shall have a firm conviction, that their present volumes of water would have
been perfectly inadequate to excavate the deep hollows through which they occasionally

flow. A good example of ordinary fluviatile action is seen in the wide river plain of the

Towy, below the town of Llandovery, where the river has so changed its course amid,

the wreck of the former detritus, that it now flows half a mile from Llandegjad Church,

though it formerly passed close by the building. On the other hand, the Sowdde, a

tributary of the Towy, is an excellent example of a stream still highly active. This

river, descending from the lofty fans of Caermarthen, hurls down in extraordinary floods

bowlders of Old Red Sandstone and coal grits, 2 to 3 feet in diameter, and distributes

them with much red mud over an arid flat near the town of Llangadock 1

, where the

Sowdde unites with the Towy. But the Sowdde does not break these bowlders from
the parent rock. The deep upland valley through which it flows, extending from the

base of the Caermarthen Fans by Gwinfe to Castel Cerrig Cennen, and immediately

beneath the most elevated and broken portion of the margin of the coal-field, is covered

with considerable quantities of coarse detritus accumulated as before described by an-

cient submarine action, and the river Sowdde rushing down through these heaps merely
transports the ready-made blocks to the vale at Llangadock 2

,

1 After each flood the Sowdde leaves also a broad superficial deposit of red mud, and when the river is

highly saturated with this detritus, the waters of the Towy into which it falls, are discoloured, even to the
neighbourhood of Caermarthen.

8 Other analogous examples of torrential river action might be cited from the precipitous escarpments of the
South Welsh coal-field

; for example, the streams descending into the Vale of the Usk, south of Crickhowel,
and that at Pontypool quoted by Dr. Buckland, Geol. Trans., Old Series, vol. v. p. 531.
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Enough has now been stated to show, that in this region, the present erosive action of

water upon hard rocks is confined to the mountain tracts. At the same time, it must

he recollected, that our Silurian rivers, even after they quit the mountains, though no

longer employed in transporting stones and coarse gravel, are very active agents in

carrying away a large proportion of the earth's surface in the form of sand and mud.

No European river of equal magnitude is charged with a larger amount of turbid

sediment than the Severn,—the result of its own long course (and of those of its tri-

butaries) through tracts of mudstone, marl, and soft sandstone. Such rocks being

easily decomposed and degraded, have afforded those finely levigated materials, a por-

tion of which has added new lands on the banks of the river
1

; but by far the larger

quantity has been borne away into the great estuary of our Island. The shoals there

accumulated during past ages, and still depositing, may hereafter be examined, if other

changes of the relative level of sea and land shall take place ; and future geologists may

then study the sub-aqueous formations of our own gera.

Blown Sands.—Submerged Forests, 8fc.

Among the phenomena of modern date must be noticed blown sands and submerged

forests. The former occur extensively on the coasts of Pembrokeshire and Caermar-

thenshire. Between St. David's and White Sand Bay they cover hills at heights of

more than 1 50 feet above the strand, and are prolonged upwards of a mile inland among

the slaty rocks. Again, at the mouths of the bays of Freshwater east and Freshwater

west, as well as at points of the Stackpole promontory, are great heaps of this sand,

which, in places, present escarpments 30 and 40 feet high. These sands contain a

prodigious quantity of land shells, including Helix aspersa, H. virgata, H. rufescens,

and Bulimi of 3 or 4 species. It might naturally be supposed, that these sands are still

increasing ; but such is not the case ; for many of them appear to have been stationary

during long periods. On the summit of the slaty coast cliffs at St. David's stands a

ruined chapel, around which and far beyond it inland, much blown sand has been

heaped up, while the sides and floor of the building are free from it. Again, at Newton

Burrows a ridge of Old Red Sandstone is surmounted by a cromlech (half a mile distant

from the shore), and yet this low erection, though environed by dunes of sand much

higher than itself, has not been covered over. In Pembrokeshire, therefore, local

causes, which were in action at remote periods, must have been discontinued, in one

instance before the Druids erected their cromlech, and in the other before the monks

built their chapel; and in neither case has the sand advanced beyond its ancient limit.

The cessation of the action which formed these dunes is further proved by the form

of the ground, for at Newton Burrows the sand is heaped up in spots higher than the

j See note 1, p. 450, in which the rapid formation of new land on the hanks of the Severn is pointed out.
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adjacent inland tract ; and although every facility seems thus to be offered for the ad-

vance of the sand flood, we have proofs that it has made no progress from the earliest

days of British history. In fact, it appears as if, having formerly been blown into

comparatively lofty situations, the sand had there become consolidated and bound to-

gether at a particular period, probably in part by the growth of bent grass, and that

it has since formed a natural barrier, sheltering the inland country from the force of the

south-western gales.

The coast of Caermarthenshire, on the other hand, presents many examples of similar

accumulations of sand which are daily increasing, and form low hills upon the strand.

These, at certain distances from the main land, act as bars to the removal of the fine

detritus brought down by the streams which at these points empty their contents into

the sea. The most remarkable example of this natural process is at the mouth of the

Taaf, below Laugharne in Caermarthenshire. That river, after a passage through soft

shale or mudstone, deposits its fine sediment over a wide space, having a seaward bar-

rier of sand banks. The accumulation thus formed, and within modern times, consti-

tutes some of the richest land cultivated in South Wales, and the edges of the delta are

continually augmenting. None of the dunes now forming, are, however, of the height

and magnitude of those of comparatively remote date.

Submerged Forests.

Another operation, and one most important in connection with geological theory,

must be here alluded to—the change of relative level of land and sea. The cliffs of Pem-

brokeshire, which are so extensively and well exposed, offer, indeed, no evidence that

this promontory or the mass of South Wales have undergone any sensible elevation or

depression within the modern sera. Two examples, however, of submerged forests have

come within my knowledge ; but it is by no means certain that these phenomena have

been caused by a lowering of the coast ; for forests may have grown at very low levels,

protected from the inroads of the sea by shingle banks, the removal of which would

occasion their destruction by giving rise to a sudden influx of the sea. One of these

submerged forests is occasionally seen on the shore at Gupton Burrows, in a low bay

between the opposite promontories of Old Red Sandstone and carboniferous limestone.

After powerful storms, the sands being washed away, a stratum of clay and peaty earth

is exposed, through which the stumps of trees protrude, as if in a growing posture.

The other case, precisely analogous, is on the shore of Newgale Sands, St. Bride's Bay,

where, according to Giraldus Cambrensis, the forest was once exposed to a considerable

extent. Relating his travels, the Archbishop observes :

—

" We then passed over Niwegal Sands, at which place, during the winter that King Henry the

Second spent in Ireland, as well as in almost all the western parts, a very remarkable circumstance

occurred. The sandy shores of South Wales being laid bare by the extraordinary violence of a storm.
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the surface of the earth, which had been covered for many ages, reappeared and discovered the

trunks of trees cut off, standing in the very sea itself, the strokes of the hatchets appearing as if only

made yesterday ; the soil was very black, and the wood like ebony : by a wonderful revolution, the

road for ships became impassable, and looked not like a shore but like a grove cut down (perhaps

at the time of the deluge, or not long after), but certainly in very remote times, being by degrees

covered and swallowed up by the violence of the seas. During the same tempest many sea-fish

were driven, by the violence of the waves, upon dryland."—Itinerary of Archbishop Baldwin, 1588.

Edition of Sir R. Colt Hoare, 1806. vol. 1. p. 217.

However these submarine forests may be accounted for, whether by a partial subsi-

dence of the land, or irruption of the sea, no evidences have yet been discovered of

the coasts having undergone any recent movements of elevation, there being an entire

absence of those raised beaches full of modern sea shells, which occur around so many

parts of the English shores. This is the more remarkable, since Professor Sedgwick

and myself lately discovered examples of such elevation on the coast of North Devon,

opposite South Pembroke. The apparent absence of recent elevation on the shores of

South Wales is of high interest, in tending to strengthen the speculation which I have

previously entertained, concerning the ancient hydrography of Siluria, when compared

with that of England ; the whole region to the east, north, and south of the Severn

being supposed to have been elevated since the creation of existing species of mollusca,

whilst the country through which we have traced the range of the Silurian and other an-

cient rocks having been previously raised from beneath the sea, has since remained in

a comparatively quiescent state.

Marl Lakes.

An accumulation of shell marl was recently discovered ^Montgomeryshire, on an estate

belonging to Lord Clive. It is situated about one mile south-west of the town of Mont-

gomery, in a small hollow, bounded on the east by a ridge of naglike Silurian rocks, and

on the other sides by low hills covered with coarse gravel. This upland hollow is about

300 or 400 feet above the contiguous valley of the Severn. The soil being profitless

and wet, the farmer in occupation resolved to drain it. Beneath the surface he found

a bed of peat about four feet thick, and immediately under it, a stratum of fine, light

grey marl, filled with delicate white shells, Lymncea ovalis and other existing species.

When I examined the place, a deep trench several hundred feet long had been cut, and

the shell marl, which was about three feet thick, appeared to rest upon clay
;
but as the

water rose to the lower edge of the marl, I could not ascertain satisfactorily the nature

of the sub-soil. In a moist state, this marl, though very sandy, is easily cut into

blocks, which, when dried, become perfectly white.

Theoretically, the position of this shell marl is very interesting. It has been depo-

sited in a tract which contains no limestone, although a very minute quantity of cal-

careous matter is disseminated through some parts of the surrounding rocks. It is



TRAVERTINE. 565

possible that the lime which enabled the mollusca to form their shells, was supplied by

calcareous springs, though it is more probable that the minute quantity required for

the wants of fluviatile testacea, may have been afforded by the percolation of rain water

through the surrounding rocks. Fully to comprehend the method in which such beds

of shell marl have been formed, the reader must consult the writings of Mr. Lyell, who
has so admirably described deposits of this nature in the lochs of Forfarshire, North
Britain. (See Geol. Trans., 2nd series, vol. ii. p. 72.) The Montgomeryshire marl agrees

with that of Forfar, in being covered by a thick stratum of black peat.

As this marl of Sutton is an excellent manure, and the surrounding country contains

no limestone, its discovery is of considerable practical importance ; for although the

hollow in which it is deposited is small, analogy may fairly lead us to infer, that similar

and larger basins of the same substance, may yet be discovered beneath the turbaries

and mosses so numerous in the upland valleys of Montgomeryshire.

Travertine.

We have now reached the last stage of our researches into the nature of the super-

ficial deposits and have only to explain the production of those modern rocks, formed

under the atmosphere, and to which the name of travertine has been applied. Such
rocks have been deposited from the remotest periods of history to the present day,

and in most countries. They are very abundant in districts which have been or still

are subjected to volcanic action, as in the environs of the Tiber, whence their name of

travertine
1

. They are, however, almost equally abundant in countries, where there are

no distinct appearances of volcanic action near the surface. All that seems necessary

for their production is, that a spring should hold in solution a sufficient quantity of car-

bonate of lime, which, upon the escape of the excess of carbonic acid gas into the atmo-

sphere, deposits its earthy residuum, thus encrusting the sticks, leaves, shells, or any
other object over which the water flows.

There are many such springs in different parts of the region laid down in the an-

nexed map, but from the insignificance of their deposits, few are worthy of attention.

The strongest of them issue from the central member of the Old Red System, which
is chiefly composed of marls and cornstone (concretionary limestone). A good example
occurs two miles north of Ludlow, on the property of Sir W. Boughton, Bart., where a

brook forms large and solid masses on its sides. The most remarkable, however, of

these deposits are in the deep dingles called Piper's Brook, Sapey Brook, and at South-
stone Rock, on the right bank of the Teme, between Tenbury and Knightwick Bridge.

In Piper's Brook it partially encrusts the sides of the stream, and is found in large

masses rolled down its bed.

1 "Lapis Tiburtinus."—Ital. Travertino
; Eng. Travertine.

4 B
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This modern rock, which from its light and porous structure is there called " Puff

Stone," was formerly much used for building, and has occasionally been burnt for quick

lime.

The mass of travertine, called the Southstone Rock, vulgo "Rotch," and which occurs

in a picturesque dingle, midway between Piper's Brook and Sapey Brook, is by far the

largest of these deposits. It is about 200 feet above the Teme, and beneath the

impending escarpments of cornstone of the Old Red System. The surface of this

rock extends over at least half an acre, and is covered by a house and garden.

At the northern extremity it terminates in a bluff precipice from 50 to 60 feet high,

faced with gigantic botryoidal stalactites which hang over the dingle ; and the mass

being full of cavities, some of the interior passages lead, by winding paths, from the

base to the summit. (See vignette, head of the chapter.) This rock, the largest body of

travertine hitherto observed in Great Britain
1

, has been entirely deposited by a spring,

which gushes out on the eastern side of the cornstone, about twenty paces above the

little cottage, and daily forms a fresh incrustation upon the edges of plants and stones.

The rill has been so long in action, that a mass of rock of its own creation now forces

it round to the south, before it can turn northwards and fall into the adjoining rivulet.

In this newer part of its course I perceived that bricks and parts of old buildings

had become cemented into the deposit. No lithological difference, however, can be

detected in the matrix of the rock forming its ancient and modern extremities, except

that the former is perhaps rather more compact than the latter. Here, as well as in

parts of Sapey Brook and Piper's Brook, it is associated with a cream-coloured cal-

careous sand, sometimes very marly and unctuous. The only shell which I could per-

ceive is the common Helix nemoralis, but it occurs in great quantities, associated with

numberless fibres, and small stems of plants, grasses, &c. The road to the cottage, or

eastern side of the rock, has been cut through about 15 feet of the travertine, which

there rests upon the Old Red Sandstone.

The Southstone rock is a valuable landmark in proving the tranquillity of the

surface of this district during the modern period. All the external features of the

environs harmonize with this supposition, the adjoining valley of the Teme being filled

only with the finely levigated fluviatile or lacustrine shingle, to which we have before

i "Extensive use was formerly made of travertine in this country, and it is still seen in old ecclesiastical

buildings in Shropshire and Herefordshire. The ancient church of Quatford, near Bridgnorth, built in the

11th century, was altogether constructed of travertine. The nave was taken down many years since, but there

still remains the chancel and a Norman arch, which are composed of it. Traces of it are seen in the eastern

end of Quat Church, and it has been found in the middle of the church wall at Worfield, Chetton, and other

places in that neighbourhood. In the walls of the chancel and other parts of Aymestry Church are regular

courses composed of travertine, but they are evidently the worked up materials of a more ancient fabric, which

was probably altogether composed of it; and a few blocks are seen likewise in the exterior walls of the eastern

end of Wigmore Church." (Extract from a Letter of the Rev. T. T. Lewis.)
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adverted. We hardly know how to institute comparisons by which to estimate the
antiquity of this rock, so modern as respects geological monuments ; and yet perhaps
of such high antiquity in relation to man. It would not, however, be presumptuous
to affirm, that the spring which formed it, has deposited similar matter without in-

terruption, ever since the sub-strata were first exposed to the atmosphere ; and far back,
truly, must we recede to account for the commencement of this massive production \

Having now conducted my reader from far remote periods, to the formations of our
own days, I may terminate the history of the descriptive geology of this region, by re-

viewing the ancient dislocations by which it has been affected, and by considering
briefly the origin and changes of the sedimentary deposits.

The second and concluding part of the work is exclusively devoted to the description
of the organic remains of the Old Red and Silurian Systems, prefaced by a general view
of the distribution of animal life during those ancient epochs.

1 The Southstone Rock is thus described by Nash: "About a mile south of the site of the old church is an
old hermitage raised on a steep ascent in the bosom of great hills ; within the rock are some rooms hewn out
of the hard stone

;
on the top of it was a chapel dedicated to St. John Baptist, on the feast of whose nativity

here was a solemn offering
; which ended, the assembly ascended by stairs cut out of the rock into the little

chapel, where finishing their devotion they usually drank of a pleasant well, the water of which was famous
for curing many disorders."—History of Worcestershire, vol. ii. p. 360.

4 b 2



CHAPTER XLII.

CONCLUSION OF PART I.—GENERAL VIEW OF THE FORMER
CHANGES OF THE SURFACE.

Parallelism and divergence of mountain chains.—Ancient dislocations, and their

intensity.— Vastness of scale of former depository action.— Central heat.—
Ancient dislocations and modern changes reconciled.

IT has been repeatedly explained in the preceding chapters, and a mere glance over

the accompanying map will show, that the prevalent direction of the stratified deposits

in Wales and the adjoining borders of England, is from north-east to south-west. The

map further shows, that this direction is coincident with the lines of fissure along which

the rocks of igneous origin have been erupted ; and thus we connect the effect with a

cause, and make it probable that volcanic matter, bursting out in that allinement, has

been instrumental in producing the leading direction of the strata.

This strike prevails throughout all the rocks of the Cambrian and Silurian systems,

from Lilleshall and Haughmond Hills in Shropshire, to the mouth of the Towy in Caer-

marthenshire, a distance of upwards of one hundred and twenty miles. Even in Pem-

brokeshire, where, after many violent dislocations, the formations are partially cast into

an east and west direction, as explained in the 28th and 29th chapters, the south-

westerly course of the Cambrian and Silurian rocks is maintained in the coast cliffs of

St. David's and in Marloes Bay, more than one hundred and fifty miles distant from

their types in Shropshire.

When, however, we examine these phenomena more in detail, we find, that although

there is a general coincidence in direction between each ridge of stratified deposits and

that of the intrusive rocks, connected with or adjacent to it, the same direction does not

always prevail in the separate chains at certain distances from each other. In the tract

selected as the type of the Silurian System, the strike is true north-east and south-west,

or parallel to the ridges of the Wrekin and Caradoc, and the same is on the whole per-

sistent into Caermarthenshire ;
but, in the country situated to the west and north-west

of the mineral axis of Shropshire, where the Silurian deposits undulate between the Cam-

brian Rocks of the Longmynd and the Berwyn mountains, there are marked discre-

pancies in the direction of the strata. Thus, in the singular mining tract of Shelve and

Cornden, the lines of trap, and the stratified rocks trend N.N.E. and S.S.W.; in the
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Long Mountain and Breidden Hills E.N.E. and W.S.W. $ and in the country west of

Welsh Pool north-east and south-west. Hence it appears, that in a zone not exceeding

thirty miles in width, ridges composed of the same materials, and inclosing the same

organic remains, have been elevated upon lines, which, so far from being parallel,

would actually meet, if prolonged for a few miles. (See Chapter 21. p. 267.)

Should it, however, be conceded, that along the Welsh frontiers, the aberrations

from what may be called parallelism are not very numerous, what shall we say of

those Silurian Rocks which occur on the eastern side of Herefordshire, and in the

central English counties ? The axis of their elevation in the Abberley and Malvern

Hills is from north to south, sometimes even N.N.W. and S.S.E., with a partial ex-

ception near Ledbury. The same rocks in the district to the north of Dudley, together

with the coal and overlying deposits, have, it is true, been thrown into the old north-

east and south-west direction, in the range extending by Wallsall; but the very same

deposits, where affected by the great outburst of the Rowley trap, strike from N.N.W.

to S.S.E. The last direction is parallel to the volcanic range of the Clent and Lickey

Hills, which occupies in part the place of the Lower New Red Sandstone ; while close

at hand, and on the same parallel, trap rock of precisely similar character is detected,

which at a much earlier period must have served as the elevating nucleus of the Lower

Lickey, and which before the formation of the coal measures, had converted the Cara-

doc sandstone into the well-known quartz rock of that curious, miniature mountain.

On the other hand, elevations have taken place along the same parallel, or rather

radiating from the southern end of the Lickey, subsequent even to the accumulation

of the red marl and lias, as proved by the line of dislocation affecting those deposits,

which producing the Ridge Way, have caused the great longitudinal faults of Craycombe

and Evesham, and left several patches of lias in Warwickshire in isolated positions.

(See Map.)

The forces which impressed this direction from N.N.W. to S.S.E. upon the rocks

of Worcestershire and Warwickshire, have also operated through a large tract of Lei-

cestershire ; for the Cambrian System of Charnwood Forest has a single anticlinal,

which strikes from N.N.W. to S.S.E. ; and the axis of the adjacent coal-field of Nun-
eaton has a similar direction ; and hence we learn that this tract belongs to the same
system of dislocation as the Rowley and Lickey Hills

1

,

Again, though the major axis of the Silurian group at Usk is from N.N.E. to S.S.W.,

this agreement with the Welsh strike is more than counterbalanced by the remarkable

anticlinal, proceeding from the Tortworth district on the S.S.E., and terminating in

the valley of elevation of Woolhope on the N.N. W. Here we have an axis of not less

1 Professor Sedgwick, who has recently determined these interesting points concerning Charnwood Forest

and Nuneaton, further informs me, that the principal movements must have taken place after the Lower New
Red Sandstone was, at least partially, deposited, the phenomena thus agreeing with those described around

Dudley. (See Chapters 35 and 36.)
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than thirty miles in length, parallel to the elevations of the Rowley, Lickey and Char-

wood Hills, and specially affecting the Silurian System, and yet at right angles to the

direction of many masses of that system elsewhere.

With such conflicting evidences, are we not led to infer, that it is impracticable to

define the period of any given line of elevation merely by its direction ? I am most

unwilling to have the appearance of rejecting too hastily, and from phenomena which

extend over a small portion of the surface of the globe only, that part of the ingenious

theory of one of the most distinguished geologists of the present day 1

, which implies

that deposits of the same age have been elevated upon lines more or less parallel. En-

tirely to reject this proposition would be to assert, that volcanic matter had never

burst out on parallel lines of fissure during the same periods of eruption, which is

contrary to the experience of geologists and to many facts contained in this volume.

No one, indeed, can have observed the linear direction of volcanic outbursts along sea

coasts, and habitual vents of eruption
2

, without acknowledging, that in accordance

with modern analogies, ancient parallel fissures of eruption must often be found

affecting deposits of the same age. But to whatever extent and under whatever limi-

tations this branch of the theory of M. Elie de Beaumont may be received, the facts

related in the preceding pages compel me to dissent from that part of it, which

implies, that deposits of a different age have necessarily been thrown up in divergent

directions ; since it has been demonstrated, that accumulations of very different ages

have been elevated during several successive ages upon the very same parallel. Thus,

for example, the chief fractures and the major axis of the coal-field of Coal Brook Dale,

as well as the striking dislocations on its margin, which affect the New Red Sand-

stone as well as the coal measures, are all coincident with the great north-east and

south-west movement by which the adjacent rocks of the Silurian and the Cambrian

System have been elevated
;
nay, more, the ends of the very ridges, cited as the types

of the Silurian System, are prolonged into the heart of this coal-field, and thus the

forces which elevated the former have given the same direction to the latter
;
though

the Silurian strata were set on edge anterior to the deposition of the coal measures.

The same phenomena are repeated in the Dudley and Tortworth tracts, though on

another line of dislocation common to them both.

It has also been shown, that upon the direct prolongation of the axis of the Breidden

Hills, trending from W.S.W. to E.N.E., eruptions of igneous matter have been renewed,

at intervals, upon the same line of fissure, from the period of the Silurian System till

after the formation of the lias, as proved by a line of fissure extending from the

borders of Montgomeryshire through Shropshire into Staffordshire ; while the very

same deposits, i. e. rocks of ages as widely removed from each other as the Caradoc

sandstone and the lias, on the line of the Rowley, Clent, and Lickey Hills, have been

1 M. Elie de Beaumont. See also the views of M. Boue. 2 See Scrope on Volcanoes.
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affected by igneous eruptions trending in close parallels from N.N. W. to S.S.E., a

direction even at right angles to the contemporaneous line of fissure of the Breidden.

Thus, therefore, while we are taught, that volcanic action has taken place upon one
and the same line of fissure during an immense succession of ages, producing lines of

local parallelism between deposits formed at widely distant epochs from each other,

we see that eruptions affecting the same deposits, have sometimes thrown the masses so

affected into chains having a direction completely divergent from, nay, even at right

angles to, each other.

If we restrict our inquiry to the carboniferous system, in vain shall we attempt to

find any one direction more prevalent than another. The axis of the Glamorganshire,

Caermarthenshire, and Pembrokeshire coal-fields, or great coal-tract of South Wales, is

from east and by south, to west and by north 1

; that of Wolverhampton from north-east

to south-west, those of Dudley, Lickey and Nuneaton from N.N.W. to S.S.E., that of

Coal Brook Dale from north-east to south-west. The strike of the beds in the field of

Shrewsbury is as various as the form of the promontories of the older rocks on which
they repose. In the Denbigh and Oswestry fields the range is north to south ; in that

of Bewdley Forest, and in the Titterstone Clee Hill north-east to south-west. The last-

mentioned district is an excellent test, since it is contiguous to the prevalent line of

fissure in the Silurian System, and again, like the field of Coal Brook Dale, it has been
equally affected with the older rocks, by the north-easterly strike ; the eruptive channel

of basalt by which this carboniferous tract has been penetrated being precisely parallel

to the axes of elevation of the ridges of Caradoc, Wenlock, and Ludlow. In fine, the

north-easterly and south-westerly direction so prevalent in Wales and the Welsh borders,

being also apparent throughout many of the superior secondary formations of England,
may, by some persons, be considered to indicate simply the outline of the ancient shores

of this island, along which the deposits have been accumulated ; and in accordance with
modern analogies it might be inferred, that volcanic action or elevatory movements were
renewed at intervals throughout many ages, upon fissures more or less parallel to such
lines of coast.

Abandoning, however, this speculation, and confining our attention to the evidence
before us, we are constrained to believe, that although igneous rocks have been ejected

after long intervals, sometimes upon the very same lines of fissure, occasionally alter-

1 The major axis of the great coal-field of South Wales, ranging from east and by south to west and by
north, for so great a distance as one hundred miles, and of date so clearly posterior to the old axis of the North
Welsh and Silurian mountains is, perhaps, the best example in England whereon to sustain that portion of the
theory of M. de Beaumont which implies that chains having divergent directions were elevated at distinct pe-
riods. (See p. 406.) I may here add that, in common with all those geologists who have laboured in the field,

I entertain a high respect for the talents and genius of M. Elie de Beaumont, who is one of the most en-
lightened modern observers j and even those parts of his theory to which I cannot subscribe, have been pf great
service to geologists, in pointing the way to researches and comparisons which might never have been at.

tempted without the guidance of his general views.
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nating conformably with the strata which were forming, but more often breaking in

upon such accumulations subsequent to their consolidation, we must not forget that

the younger deposits in this region are comparatively exempted from these signs of

igneous outbursts. Within the whole area of the annexed map, there is not a single

case of trap in contact with the lias, and only one of a dyke of that matter, cutting

through the New Red Sandstone, whilst we have many proofs of volcanic action in

the carboniferous strata (affecting also partially the Lower New Red Sandstone), a

few evidences only in the Old Red Sandstone, and again, a multitude of eruptions

amid the Lower Silurian and Cambrian Systems. It would appear as if, during the

ancient periods of submarine accumulation, this region had been periodically much

subjected to volcanic action, which, though repeated in subsequent epochs, diminished

in the intensity and frequency of its outbursts after the carboniferous sera. This ob-

servation, deduced from practical knowledge of the structure of a given tract of country,

may indeed be extended to nearly the whole of England, in which there are no traces of

trap rock having been intruded into the strata posterior to the period of the oolite, though

in Scotland the same action has been most rife subsequent to the formation of the oolites,

and in Ireland after the consolidation of the chalk.

These geological phenomena are strictly in unison with modern observation, which

has taught us, that igneous action is often discontinued for long periods in one part of

the earth, and called into play in another. We are not, however, to suppose, that

when volcanic matter ceased to be protruded, volcanic action ceased to operate, for

since then, as we have shown, all the younger secondary and tertiary deposits have

been dislocated and upheaved from beneath the sea. The forces which accomplished

these great results were, therefore, we suppose the same, as those which evolved the

trap rocks at former periods. Intense internal heat acting upon water, and evolving

steam and gas, may be imagined to have been a cause adequate even to the elevation of

continents ; and it is possible to conceive, how a superincumbent mass of marine sediment,

repressing the rise of molten matter to the surface, might, like a high pressure steam ap-

paratus, have produced a powerful accumulation of the subterranean gaseous forces

which were labouring to expand. But to pass, for the present, from this theoretical

point, let us consider a few more facts from which we may legitimately draw our con-

clusions.

In the introduction it was announced, that within this region there were gradual

transitions between all the formations which succeed each other. The reader, who has

carefully examined the evidences and compared the sections, will find that this assertion

has been completely borne out. He may, indeed, think it surprising, that in a country

so disturbed by igneous rocks, this unbroken succession of the sedimentary deposits

should be visible
;
yet he must recollect, on the one hand, that there are wide tracts

wholly exempted from disturbance, and, on the other, that without volcanic eruptions,

many of the inferior strata would never have been brought to the surface for our ex-
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animation. In those districts, where igneous masses have been suddenly intruded at

one point, and have as suddenly ceased to be evolved at others, the strata in the dis-

turbed, when compared with those in the undisturbed districts, are necessarily found

in unconformable positions. From this cause, the Silurian strata of Shropshire fold

round the inclined and disrupted edges of the Cambrian Rocks, showing that these had

been set on edge anterior to the accumulation of the younger deposits ; whilst in Caer-

marthenshire, and partially at the Berwyn mountains, the links not being broken off,

there are actual passages from the one system into the other. In Shropshire, the in-

clined position of the oldest deposits terminates abruptly with the disappearance of the

intrusive rocks, and the younger strata of the tract, undulating in less disturbed

masses, are necessarily unconformable to the older. In Caermarthenshire, all the sedi-

mentary masses have been more or less conjointly elevated, thus demonstrating, that

whilst in certain districts accumulations have been forming for a length of time, in un-

disturbed sequence, in other tracts their continuity has been destroyed by dislocations

or volcanic eruptions.

If, from the facts before us, we attempt to unravel such problems, how much more

difficult is the task of retracing in imagination the outline of the surface of the earth

during the production of these varied deposits ! Whence, it may be asked, was the

detritus derived, which, layer after layer, was piled up in such stupendous masses

beneath the then existing seas ? However incomprehensible it may appear to those

who have not studied the subject, geologists entertain no doubt that all our present

mountains composed of sedimentary matter, were accumulated beneath the sea during

countless ages ; and, if so, other continents must have existed to furnish materials,

though no traces of such lands now remain.

Again, how wonderful is the uniformity in mineral character which pervades such

masses over large spaces ! The black shale and schist, the red, grey and purple

sandstone of the Silurian and Cambrian Systems, were once, as already stated, nothing

more than the finely comminuted mud and sand which were spread out successively over

the beds of great estuaries ;—but how vast must have been the streams through which

they were diffused ! The united powers of transport of the Ganges and the Amazon
must, indeed, have been in action during immense periods, to deposit masses of sedi-

ment so extensive, as those which we know were formed at that epoch in Europe,

Africa, and America.

If the scale of these operations be surprising, equally so are the changes in the suc-

cession of deposits. The sediments poured forth to form the Cambrian and Silurian

Systems, indicate by their structure and colour, either that the lands whence they

were derived successively changed their outline, some portions being elevated and

others depressed, or that the affluent streams of the great transporting channels were

from time to time directed into new directions. Ascending from these ancient strata,

the whole geological series, consisting of alternations of mud, sand, and lime, attests

4 c
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the result of like mutations. Some, however, of these great sedimentary masses, such

as the Old and New Red Systems, respectively prove the long continuance of similar

conditions, whilst others (as the Oolitic System) bespeak in the varied structure and

colour of the deposits, more rapid and frequent changes.

Combining in our survey then, the whole range of deposits from the most recent to

the most ancient group, how striking a succession do they present !—so various yet so

uniform-—so vast yet so connected.

In thus tracing back to the most remote periods in the physical history of our con-

tinents, one system of operations, as the means by which many complex formations have

been successively produced, the mind becomes impressed with the singleness of nature's

laws; and in this respect, at least, geology is hardly inferior in simplicity to astronomy.

But to revert for a moment to the phenomena of destruction. Is it possible to con-

template the scenes of dislocation, where mountains have been severed, and their

parts, once continuous, hurled into distinct ridges, and separated from their parent

masses by vast intervals, without feeling astonishment at the intensity of the forces

which were employed ? Who can view the promontories and valleys of elevation

shattered by great transverse fissures, without wondering at the means employed in

their production ? In them, not only have we proofs, that the solid strata have been

heaved up on lines both parallel and devious, but also that they have been snapped

asunder by numberless rents and cracks, some of which have become deep chasms

occupied by rivers. How have the coal-fields been rendered accessible to man's use ?

Have we not shown, that many have been forced to the surface by volcanic action,

and that some have assumed a basin shape, in consequence of their margins having

been thrown into that form by a number of violent upcasts of the subjacent solid masses,

which, wrenched from their original position, now converge towards a common centre?

Need we recapitulate those curious changes in the lithological character of the deposits

effected by igneous action ; or endeavour to rouse the mind to a sense of the greatness

of those powers, whatever they may have been, which produced the symmetrical jointed

structure of mountains, and carried countless lines of parallel cleavage throughout re->

gions of slaty rocks, in spite, as it were, of the original forms of the strata?
1

Further, may we not advert to the striking phenomena which portions of this region

exhibit, of the complete reversal of a whole range of formations ? Can anything be

more startling than the fact, that for many miles the stratified masses have been so com-

pletely overturned, that the last accumulated have been placed under those of anterior

formation ? Is it not difficult to comprehend how the upheaving force could be so iri-

1 The observations of Professor Sedgwick on the slaty cleavage of mountains are here alluded to. I may

here further observe that Mr. R. W. Fox, of Falmouth, has recently endeavoured to show how parallel lamination

(similar to slaty cleavage) may be produced in masses of moistened clay by long-continued weak voltaic action,

proving thereby that this remarkable structure cannot be referred to any mechanical cause. (See Report of the

Committee, Royal Cornwall Polytechnic Society, 1837.)
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tense, that such sedimentary masses should be first elevated into vertical positions, and

then overturned, or bent hack upon their axes ?

The mere announcement of these grand changes gives us a full perception of the mag-

nitude of the scale and power of the forces employed ; and we see in them a cause fully

adequate to account satisfactorily for many of the results described under the head of

drifted materials.

In the ensuing chapter we shah take into consideration the equally wonderful zoolo-

gical phenomenon of the coexistence of similar species of animals in the most distant

quarters of the globe.

In concluding the first part of this volume, or that which embraces descriptive geo-

logy, we would observe, that abundant proofs have been adduced to show, that the forces

employed in dislocating the crust of the globe were of extraordinary intensity. These

well-registered phenomena are, we contend, absolutely inexplicable without the inter-

vention of paroxysms infinitely greater than any of which modern times furnish

examples ;—and yet we shall find, that such data, though drawn from the opposite

extremes of the subject, are not in collision, and will not impede the onward march of

our science.

Judging from the facts before them, geologists are entitled to look to a deep-seated

and widely extended explanatory cause ; and hence many have been led to believe,

that all the ancient phenomena proving outburst and dislocation, have proceeded from

a central heat, of which the volcanic ebullitions of past periods and the present are

merely the external signs. Now, if the astronomer has correctly supposed that this

planet was originally a semifluid mass, which by revolving on its axis assumed a sphe-

roidal form ; the geologist, examining into the nature of the oldest crystalline rocks,

sees in them the clearest evidence of the effects of intense heat, which bursting out at

intervals through sedimentary deposits, evolved the sheets of matter which constitute the

axes and centres ofmany mountain chains. He infers that central heat has subsequently

been the source and great agent of the mutations he traces
1

, not only from the surpassing

grandeur of the phenomena, but also because they harmonize with the probable relative

conditions of such periods ; for each succeeding accumulation of fresh sedimentary

matter would, as before hinted, necessarily tend to repress the power of heat proceeding

from within, whether in the form of actual molten matter or of gas and steam. Each
great igneous eruption, carrying with it fresh materials for additional deposits to be

spread out on the bed of the ocean, would in fact be auxiliary to the repression of

similar eruptions in future, by adding new folds to the pre-existing crust which enveloped

the central and heated nucleus.

The question therefore is, does Nature teach us, that the most violent dislocations are

apparent in our geological phenomena ? If (as I firmly believe) she does, and further

impresses on us the belief of a former state of paroxysmal turbulence and chemical

1 See the powerful essays of Cordier and Fourrier.
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change, of much deeper rooted intensity and wider range than any to be found in our

own period ; then the theory of central heat, as propounded by the mathematician,

finds its best supporter in the geologist.

Nor is this view incompatible with those principles which inculcate the doctrine of

the gradual elevation and depression of modern continents. We have recently seen

two of our first philosophers
1 maintaining, that a central heat being granted, the neces-

sary result of the increment of fresh matter in one part, and its abstraction from

another (as is now taking place), must produce such variations in the conducting

media, that the result would be the gradual elevation of some parts of the earth's

surface, and the depression of others. Hence, therefore, we infer that those principles

which teach us to reason from the operations of the present day, are completely re-

concileable with the doctrine of geological catastrophes ; for a central heat being

admitted, we see in it the source of great former revolutions, as well as of the gradual

heavings and depressions of modern times.

He who had never extended his research beyond the phenomena of intense violence,

so apparent in almost every mountain chain, would scarcely be brought to believe,

that the agency by which these changes were accomplished, was the very same as that

which produces modern vicissitudes. But he who examines the whole range of ter-

restrial phenomena will acknowledge, that they are all in harmony,—all proceeding

from the same source !

Geology, therefore, in expounding the former condition of the globe, convinces us,

that every variation of its surface has been but a step towards the accomplishment of

one great end ; whilst all such revolutions are commemorated by monuments, which

revealing the cause and object of each change, compel us to conclude, that the earth

can alone have been fashioned into a fit abode for Man by the ordinances of INFINITE

WISDOM.

1 Babbage and Herschel,

END OF PART I.














